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Dual 
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Instrumentation, 
1DOnA 
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Vas, 


5.0V/oC 
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General 
Purpose, 
SOOnA 
lB. 5mV 
Vas 
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Improved 
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lB. 
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Performance, 
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Quad 
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Vas, Single or Dual Supply. 
3 to 30V. 


lmW/op 
amp at +5V 


LM148 
6-41 
Quad 741, 500nA 
I B, 5mV 
Vas 


LM149 
6-41 
Quad Decompensated, 
500nA 
IB, 5mV 


Vas AV(min.1 
~ 5 


LM107 
6-14 
Improved 
General 
Purpose, 
75nA 
I B, 


2mV Vas 


LMl12 
6-26 
Low 
Input 
Current 
Precision, 
2nA 
IB, 


2mV Vas 


LM216 
6-51 
Very 
Low 
Input 
Current 
Precision, 


150pA 
IB, 10mV 
Vas 


LM216A 
6-51 
Very 
Low 
Input 
Current 
Precision, 
50pA 


IB, 3mV Vas 


LM118 
6·30 
High Speed, 50V /!J.secslew rate, 4mV 


Vas, 250nA 
I B 


LF155 
6-43 
FET 
Input 
General 
Purpose, 
5mV 
Vos, 


20pA 
'OS, 100pA 
IB 


LF155A 
6-43 
FET 
Input 
General 
Purpose, 
2mV 
Vos, 


5!J.VrC 
TC VlO, 
10pA 
lOS, 50pA 
IB 


LF156 
6·43 
FET Input 
Wideband, 
5mV 
Vas, 20pA 


'OS, 100pA 
IB, 7.5V/!J.sec SR 


LF156A 
6-43 
FET Input 
Wideband, 
2mV 
Vas. 5!J.VrC 


TC V1O, 10pA 
lOS, 50pA 
IB, 10V/ 


!J.secSR 


LF157 
6·43 
FET 
Input 
Wideband 
Decompensated, 


5mV 
Vas, 20pA 
lOS, 100pA 
IB, 30V/ 


!J.secSR (AV = 5) 


LF157A 
6-43 
FET 
Input 
Wideband 
Decompensated, 


2mV Vas, 5!J.VrC 
TC V1O, 10pA 
lOS, 


50pA 
'B, 40V/!J.sec SR (AV = 5) 


LM102 
6-10 
Low 
Input 
Current, 
High Speed, 10nA 


lB, 5mV 
Vas, 20V/!J.sec slew rate, 1010n 


Rin 


LMll0 
6-22 
Improved 
Low 
Input 
Current, 
High 


Speed, 3nA 
'B, 4mV 
Vas, 20V/!J.sec slew 


rate. 1010n Rin 


VOLTAGE COMPARATORS 
Page No. 


LMlll 
2-5 
General Purpose, 
100nA 
IB, 3mV 
Vas, 


250ns Response Time, 
50V and 50mA 


Output 


LH2111 
2-35 
Dual General Purpose, 
100nA 
IB, 3mV 


Vas, 250ns Response Time, 
50V and 


50mA 
Output 


AM1500 
2-31 
Dual General Purpose. 
100nA 
I B, 3mV 


Vos, 
250ns 
Response 
Time, 
50V 
and 


50mAOutput 


LM106 
2·1 
High Speed, 20!J.A IB, 2mV 
Vas, 40ns 


Response Time, 
24V and 100mA 
Output 


LMl19 
2-9 
Dual General Purpose, 
500nA 
lB. 4mV 


Vas, 80ns Response Time, 
35V and 25mA 


Output. 
+5 or +15V 
Supply 


LM139 
2-13 
Quad General Purpose, 
100nA 
IB, 2mV 


LM139A 
2·13 
Vas, Single or Dual Supply 
2 to 36V. 


1mW/comp. 
at +5V 


AM685 
2·19 
Very 
Fast ECL Output, 
10!J.A lB. 2mV 


Vos, 
6.5ns 
Response 
Time 


AM686 
2-27 
Very 
Fast TTL 
Output, 
10!J.A lB. 2mV 


Vos, 
12ns Response 
Time 


AM687 
2-29 
Dual Very 
Fast ECL Output, 
10!J.A IB, 


2mV 
Vos, 
6.5ns 
Response 
Time 


VOLTAGE 
REGULATORS 


Page No. 


723 
8-5 
General Purpose, 2·37V 
Output, 
0.15% 


load reg., 50V input, 
150mA 
Output 


LM105 
8-1 
General Purpose, 4.5-40V 
Output, 
0.05% 


load reg., 50V input, 
12mA 
Output 


DATA CONVERSION 
PRODUCTS 


Page No. 


AM1508 
3-14 
a-Bit 
Multiplying 
D-to-A 
Converter, 
Ac- 


curacy 
0.19%, 
Settling 
Time 
300nsec 
typo 


SSS1508A 
3·14 
a-Bit 
Multiplying 
D-to-A 
Converter, 
Ac- 


curacy 
0.1%, 
Settling 
Time 
135nsec 


DAC·08 
3-1 
8-Bit High·Speed Multiplying 
D/A Converter 


AM6070 
3-28 
Companding 
D-to-A 
Converter 
for Control 


Systems 


AM6071 
3-40 
Companding 
D-to-A 
Converter 
for Control 


Systems 


AM6072 
3-52 
Companding 
D-to-A 
Converter 
for PCM 


Communication 
Systems 


AM6073 
3-64 
Companding 
D-to-A 
Converter 
for PCM 


Communication 
Systems 


AM6080 
3-76 
Microprocessor 
System 
Compatible 
8-Bit 


High-Speed 
MUltiplying 
D/A 
Converter 


AM6081 
3·84 
Microprocessor 
System 
Compatible 
8-Bit 


High-Speed 
Multiplying 
D/A 
Converter 


LF19B, 
3-7 
Monolithic 
Sample 
and Hold 
Circuits 


298.398 


AM2502. 
3-18 
8-Bit/12-Bit 
Successive 
Approximation 


03,04 
Registers 


LINE DRIVERS 


DUAL DIFFERENTIAL 


Open collector differential outputs 
typical current 6mA, inhibit controls 


12mA output current version of 
Am75109 


Designed for single 5.0V supply 
operation 


Dual differential device which may also 
be used as a quad single-ended 
driver. 


Three-state 
output. 


Similar to 8831 but no Vcc clamp 
diodes 


5 volt supply driver with complementary 
outputs 


200mA transient capability with 130n 
back matching resistor 


DIFFERENTIAL EIA RS-422, 
FEDERAL STD 1020 


26LS31 


26LS30 


Quad, high-speed, 
low output skew 


Dual, high output CMR 


SELECTION 
GUIDE (Cont.) 


LINE RECEIVERS 


Use With 


751078 
751088 


751078 
751088 


7820 or 
7820A 


9615 or 
2615 


9615 or 
2615 


9615 


26LS32 or 


26LS33 


SINGLE ENDED 


2614 
High-speed 
quad driver for multi-channel, 
2615 


common ground operation. 


SINGLE ENDED, EIA RS-232-C 


1488 
Quad EtA RS-232C driver (14 pins) 


2616 
Quad 16-pin driver for EIA RS-232C, 
CCITI 
V.24 and MIL-188C interface 


9616 
Triple EIA RS-232C driver (14 pins) 


1489/ 
1489A 


2617 


SINGLE ENDED, EIA RS-423, FEDERAL STD 1030 


26LS29 
Quad, three-state 
26LS32 or 


26LS30 
Quad, mode control 
26LS33 


tpd 
IOL 
(TVP) 
(MAX) 


25LS240 
Inverting octal buffer/driver with three- 
10 
48 


74LS240 
state output 
10 
24 


74S240 
4.5 
68 


81LS96 
9.0 
16 


25LS241 
Non-inverting 
octal buffer/driver with 
12 
48 


74LS241 
three-state output 
12 
24 


74S241 
6.0 
68 


81LS95 
12 
16 


25LS242 
Inverting buffer/driver 
with two quad 
10 
48 


74LS242 
data paths connected 
input-to-output 
10 
24 


t74S242 
4.5 
68 


25LS243 
Non-inverting 
buffer/driver with two 
12 
48 


74LS243 
quad data paths connected input-to- 
12 
24 


t74S243 
output 
6.0 
68 


25LS244 
Non-inverting 
octal buffer/driver 
with 
12 
48 


74LS244 
three-state output and two inverting 
12 
24 


74S244 
enables 
6.0 
68 


81LS97 
12 
16 


B1LS9B 
Inverting octal buffer/driver 
with three- 
9.0 
16 


state output and two inverting enables 


8820A 


9615 


Receiver with differential 
input to detect 
signals> 
25mV. Three-state 
outputs. 


Totem-pole 
TIL 
output version of 


Am363 


Open collector TIL 
output version of 


Am363 


Designed for ± 15V common mode 
using 5.0V supply 


Higher speed, tighter spec 8820 


± 15 volt common mode, 5 volt supply 
receivers with uncommitted 
collector 


and active pull-up controls 


± 15 volt common ".!ode receiver with 
direct and attenuated 
inputs 


± 15 volt common mode, 5 volt supply, 
three-state output 


QUAD DIFFERENTIAL EIA RS-422, 
FEDERAL STD 1020 


±7 volt common mode, 5 volt supply, 
three-state output 


1489A 


2617 


Quad EIA RS-232C receiver with input 
threshold hysteresis 


Higher threshold version of Am1489 


Quad EIA RS-232 receiver specified 
over military temperature 
range (same 


pinout as Am1489A) 


Triple EIA RS-232 receiver with 
adjustable hysteresis 


SINGLE ENDED, EIA RS-423, 
FEDERAL STD 1030 


±7 volt common mode, 5 volt supply, 
three-state 
output 


Use With 


75110 IJ 
75109 or 
75110 


75109 or 
75110 


8830 


8830 


9614 


1488 


2616 


SPECIAL 
FUNCTIONS 


TIMERS 


SELECTION 
GUIDE (Cont.) 


MOS-MICROPROCESSOR 
INTERFACE 
CIRCUITS 


8080Al9080A 


Single, Precision oscillator/timer 


Dual version 555 


6212 


6216 


6224 


6226 


6226 


6236 


DRIVERS 


0026 


0056 


Dual 5MHz Two-Phase 
MOS clock driver 


0026 with added VBB terminal 


6303B 


6304B 


6-Bit input/output 
port, with storage 


4-Bit parallel bidirectional 
bus driver 


Clock generator and driver 


Inverting ver3ion 6216 


System controller and bus driver 


System controller and bus driver with extended 
IOW/MEMW 


Two 6226's in one 20 pin package 


Two 6216's in one 20 pin package 


Differential input for signals> 
10mV, Three-state 


outputs 


Totem-pole TTL output 3604 


Open-collector 
3604 


75207 


75206 


Speed 


Device 
Output 
Function 
Hysteresis 
(Note 1) 
Comments 


QUAD 


Am26S10 
100mA-O.C. 
Inverting 
No 
20ns 
SN55/75136 
pin out 


Am26S11 
100mA-O.C. 
Non-Inverting to bus; 
No 
22ns 
Same as Am26S10 except non-inverting 
to bus 
Inverting off bus 


Am26S12 
100mA-O.C. 
Inverting 
Yes-0.6V 
32ns 
Same pin out as DS76/6636 and 6T36 


Am26S12A 
100mA-O.C. 
Inverting 
Yes-1.05V 
32ns 
Wider threshold Am26S12 


Am2905 
100mA-O.C. 
Inverting 
No 
31ns 
Has 2-input multiplexer 
(Note 2) 


Am2906 
100mA-O.C. 
Inverting 
No 
31ns 
Has 2-input multiplexer and parity 
(Note 2) 


Am2907 
100mA-O.C. 
Inverting 
No 
31ns 
Includes parity, 2.0V receiver VTH 
(Note 2) 


Am2906 
100mA-O.C. 
Inverting 
No 
31ns 
Includes parity, 1.5V receiver VTH 
(Note 2) 


Am2915A 
46mN3-St. 
Inverting 
No 
31ns 
Has 2-input multiplexer 
(Note 2) 


Am2916A 
46mN3-St. 
Inverting 
No 
31ns 
Has 2-input multiplexer and parity 
(Note 2) 


Am2917A 
46mN3-St. 
Inverting 
No 
31ns 
Includes parity 
(Note 2) 


Am3216 
50mN3-St. 
Non-Inverting 
No 
34ns 
Same as 6216 except different A.C. loading spec 


Am3226 
50mN3-St. 
Inverting 
No 
30ns 
Same as 6216 except different A.C. loading spec 


Am3446A 
46mN3-St.-O.C. 
Non-Inverting 
Yes 
32ns 
IEEE 466 compatible 


Am76/6636 
50mA-O.C. 
Inllerting 
No 
36ns 
Same pin out and function as Am26S12A 
and 6T36 


Am6T26A 
46mN3-St. 
Inverting 
No 
19ns 
VOH MOS compatible 


Am6T26 
46mN3-St. 
Non-Inverting 
No 
25ns 
VOH MOS compatible 


Am6216 
5OmN3-St. 
Non-Inverting 
No 
34ns 
Similar to 6T26 


Am6226 
50mN3-St. 
Non-Inverting 
No 
30ns 
Similar to 6T26A 


OCTAL 


Am6303B 
46mN3-St. 
Inverting 
No 
14ns 
Same as two 6226's in one 20 pin package 


Am6304B 
46mN3-St. 
Non-Inverting 
No 
24ns 
Same as two 6216's in one 20 pin package 


Notes: 
1. Typical delay at 26°C for input to bus plus receiver to output. 
2. Bus enable to bus plus bus to receiver output. All parts include register or driver plus receiver with latch. 


Initial 
Min. 
Pulse Width 
Power 
No. 


Retrig- 
Reset 
Accuracy 
Output 
Variation 
(%) 
Dissipation 
Package 


Device No. 
Description 
Dual 
gerable 
Table 
% 
tpw(ns) 
Temp. Vcc 
(mWtyp.) 
Leads 


Am2600 
tpw = 55n5 to ce. with 
guaranteed 
< 1% 


X 
X 
X 
"'10 
45 
"'0.5 
"'1.5 
95 
14 
change 
over temperature 
range 


Am2602 
tpw = 55n5 to 
Xl, with 
guaranteed 
< 1% 
X 
X 
X 
"'10 
45 
"'0.5 
"'1.5 
175 
16 
change 
over temperature 
range 


Am26L02 
Low-Power 
version 
2602, 
tpw = lOOns to 
00 
X 
X 
X 
"'10 
110 
"'0.3 
"'1.0 
50 
16 


Am26L123 
Low·Power 
version 
26123, 
tpw 
= 120n$ to 
00 
X 
X 
X 
"'10 
120 
±O.3 
±1.0 
60 
16 


Am26S02 
High speed 
Schottky 
version 
2602, 
tpw = 
X 
X 
X 
±5.0 
33 
±O.4 
±1.5 
240 
16 
28n5 to :xl 


tpw 
= 45n5 to 
Xl, with 
guaranteed 
< 1% 


Am26123 
change 
over temperature 
range. 
Output 
X 
X 
X 
"'10 
45 
"'0.5 
"'0.5 
230 
16 
stability 
latch 
improves 
noise 
immunity 


Am54/74123 
Same 
as 26123, 
except 
no output 
latch, 
X 
X 
X 
"'10 
45 
"'2.7 
"'1.0 
230 
16 
no dtpw 
guarantee 


Am54/74221 
SchmitHrigger 
input 
X 
X 
"'7.0 
30 
"'0.3 
"'0.3 
130 
16 


Am9600 
Same 
as 2600, 
except 
no dtpw 
guarantee 
X 
X 
"'10 
50 
"'1.5 
"'1.5 
95 
14 


Am9601 
Non·resettable 
version 
of 9600, 
tpw 
= 55n5 
X 
±10 
45 
±2.7 
"'1.0 
95 
14 
to x 


Am9602 
Same 
as 2602, 
except 
tpw = 60ns 
to 00, no 
X 
X 
X 
±10 
50 
"'1.5 
"'1.5 
175 
16 
Atpw 
guarantee 


Am96L02 
Same 
as 26l02, 
except 
tpw 
guaranteed 


X 
X 
X 
"'10 
1'0 
"'0.3 
"'0.5 
50 
16 
< 1.6% change 
over temperature 
range 


IJ 


Manufacturer 
Identification 
Cross Reference 


I 
AM 
I ,."A,or None 
None 


Temperature 
Range Cross Reference 


Commercial 


Motorola 
National 
Signetics 


M,MC 
10M, OS, LM, MH I 
None 
SN 


14,34,86 
3,86,88 
NE, N 


15,35,96 
1,96,78 
SE,S 


Hermetic DIP 
0 
0 
C,D 
L 
0 
F,I 
J 


Molded DIP 
P 
P 
P 
P2 
N 
A,B 
N 


Mini-Molded DIP 
T 
T 
- 
P1 
N 
V 
P 


Flat Pack 
F 
F 
- 
F 
F,W 
W,O 
H,U,Z,W 


TO-5 Type Can 
H 
H 
- 
G,R 
H 
DB, K, T 
L 


TO-8 Type Can 
G 
- 
- 
H 
G 
- 
- 


FAIRCHILD 
FAIRCHILD (Cont.) 


9614 
0 
M 
,."A 
556 
0 
M 
I 
I 
I 
I 
~ 
I 
L.-_ 


Device 
Package 
Temperature 
Mfg.'s 
Device 
Package 
Temperature 
Type 
Type 
Range 
Ident. 
Type 
Type 
Range 


AMD 
AMD 


Fairchild 
Direct 
Functional 
Replacement 
Replacement 


,."A101D 
LM101D 


,."A101H 
LM101H 


,."A101AD 
LM101AD 


,."A101AF 
LM101AF 


,."A101AH 
LM101AH 


,."A102H 
LM102H 


,."A105H 
LM105H 


,."A107H 
LM107H 


,."A108AH 
LM108AH 


,.,,108H 
LM108H 


,."A110H 
LM110H 


,."A111H 
LM111H 


,."A139D 
LM139D 


,."A1458H 
AM1458H 


,."A1558H 
AM1558H 


,."A201D 
LM201D 


,."A201H 
LM201H 


,."A201AD 
LM201AD 


,."A201AF 
LM201AF 


,."A201AH 
LM201AH 


,."A207H 
LM207H 


,."A208H 
LM208H 


,."A208AH 
LM208AH 


,."A301AD 
LM301AD 


,."A301AH 
LM301AH 


,."A301AN 
LM301AN 


,."A302H 
LM302H 


,."A305H 
LM305H 


,."A305AH 
LM305AH 


,."A307H 
LM307H 


,."A308H 
LM308H 


,."A308AH 
LM308AH 


,."A310H 
LM310H 


,."A311H 
LM311H 


AMD 
AMD 


Fairchild 
Direct 
Functional 


Replacement 
Replacement 


,."A311P 
LM311N 
,."A339D 
LM339D 


,."A339P 
LM339N 
,."A715DC 
715DC 
,."A715DM 
715DM 
,."A715HC 
715HC 
,."A715HM 
715HM 
,."A723DC 
723DC 
,."A723DM 
723DM 
,."A723HC 
723HC 
,."A723HM 
723HM 
,."A725HC 
725HC 
,."A725HM 
725HM 
,."A725PC 
725CN 
,."A733DC 
733DC 
,."A733DM 
733DM 
,."A733FM 
733FM 
,."A733HC 
733HC 
,."A733HM 
733HM 
,."A741DC 
741DC 
,."A741OM 
741DM 
,."A741FM 
741FM 
,."A741HC 
741HC 
,."A741HM 
741HM 
,."A741ADM 
741ADM 


,."A741AFM 
741AFM 


,."A741AHM 
741AHM 


,."A741EDC 
741EDC 
,."A741EHC 
741EHC 


,."A747DC 
747DC 


,."A747DM 
747DM 
,."A747HC 
747HC 
,."A747HM 
747HM 
,."A747PC 
747PC 


AMD 
AMD 


Fairchild 
Direct 
Functional 
Replacement 
Replacement 


J.LA747ADM 
747ADM 


J.LA747AHM 
747AHM 


J.LA747EDC 
747EDC 
J.LA747EHC 
747EHC 


J.LA748DC 
748DC 
J.LA748DM 
748DM 


J.LA748FM 
748FM 


J.LA748HC 
748HC 


J.LA748HM 
748HM 


J.LA748PC 
748PC 
J.LA760DC 
AM686DC 


J.LA760DM 
AM686DM 


J.LA760HC 
AM686HC 


J.LA760HM 
AM686HM 


J.LA775DM 
LM139D 


J.LA775DC 
LM339D 


J.LA775PC 
LM339N 
54123DM 
SN54123J 


54123FM 
SN54123W 


55107ADM 
SN55107BJ 


55107BDM 
SN55107BJ 


55107AFM 
SN55107BW 


55107BFM 
SN55107BW 


55108ADM 
SN55108BJ 


55108AFM 
SN55108BW 


55108BDM 
SN55108BJ 


55108BFM 
SN55108BW 


55109DM 
SN55109J 


55109FM 
SN55109W 


55110DM 
SN55110J 
55110FM 
SN5511OW 


5520DM 
SN5520J 


5521DM 
SN5521J 
55234DM 
SN55234J 


55234FM 
SN55234W 


55235DM 
SN55235J 


55235FM 
SN55235W 


55238DM 
SN55238J 


55238FM 
SN55238W 
55239DM 
SN55239J 


55239FM 
SN55239W 


5524DM 
SN5524J 


5525DM 
SN5525J 


55325DM 
SN55325J 
55325FM 
SN55325W 


74123DC 
SN74123J 


74123PC 
SN74123N 


75107ADC 
SN75107BJ 


75107APC 
SN75107BN 


75107BDC 
SN75107BJ 
75107BPC 
SN75107BN 


75108ADC 
SN75108BJ 


75108APC 
SN75108BN 


75108BDC 
SN75108BJ 


75108BPC 
SN75108BN 


75109DC 
SN75109J 


75109PC 
SN75109N 


75110DC 
SN75110J 


75110PC 
SN75110N 


AMD 
AMD 
Fairchild 
Direct 
Functional 
Replacement 
Replacement 


9600DC 
9600DC 
9600DM 
9600DM 
9600FM 
9600FM 
9600PC 
9600PC 
9601 DC 
9601DC 
9601DM 
9601DM 
9601 FM 
9601FM 
9601PC 
9601 PC 
9602DC 
9602DC 
9602DM 
9602DM 
9602FM 
9602FM 
9602PC 
9602PC 
96L02DC 
96L02DC 
96L02DM 
96L02DM 
96L02FM 
96L02FM 
96L02PC 
96L02PC 
96S02DC 
AM26S02DC 


96S02PC 
AM26S02PC 


9614DC 
9614DC 
9614DM 
9614DM 
9614FM 
9614FM 
9614PC 
9614PC 
9615DC 
9615DC 
9615DM 
9615DM 
9615FM 
9615FM 
9615PC 
9615PC 
9616DC 
9616DC 
9616DM 
9616DM 
9616EDC 
9616EDC 
9616EPC 
9616EPC 
9616FM 
9616FM 
9616PC 
9616PC 
9617DC 
9617DC 
9617PC 
9617PC 


9634PC 
AM26LS31PC 


9634DC 
AM26LS31DC 


9634DM 
AM26LS31DM 


9635PC 
AM26LS33PC 


9635DC 
AM26LS33DC 


9635DM 
AM26LS33DM 


9636PC 
AM26LS30PC 
9636DC 
AM26LS30DC 


9636DM 
AM26LS30DM 


9637PC 
AM26LS32PC 
9637DC 
AM26LS32DC 


9637DM 
AM26LS32DM 


9638PC 
AM26LS32PC 


9638DC 
AM26LS32DC 


9638DM 
AM26LS32DM 


9640DC 
AM26S10DC 
9640DM 
AM26S10DM 
9640PC 
AM26S10PC 
9641 DC 
AM26S11DC 
9641DM 
AM26S11DM 
9641 PC 
AM26S11PC 
9642PC 
AM26S12APC 


9642DC 
AM26S12ADC 


9642DM 
AM26S12ADM 


INTEL 
MOTOROLA (Cont.) 
M 
08228 


I 
I 
~I 
_ 


Temperature 
Range 


Package 
Type 


Device 
Type 


AMD 
AMD 


Intel 
Direct 
Functional 
Replacement 
Replacement 


03212 
03212 
M03212 
M03212 


P3212 
P3212 
03216 
03216 
N8T28F 


M03216 
M03216 
S8T28F 


P3216 
P3216 
N8T28B 


03226 
03226 
N8T26F 


M03226 
M03226 
S8T26F 


P3226 
P3226 
N8T26B 


08212 
D8212 
MD8212 
AM8212DM 


P8212 
AM8212PC 


D8216 
D8216 
N8T28F 


MD8216 
MD8216 
S8T28F 


P8216 
P8216 
N8T28B 


08224 
D8224 
MD8224 
AM8224DM 


P8224 
AM8224PC 


08226 
D8226 
N8T26F 


MD8226 
M08226 


S8T26F 
P8226 
P8226 


N8T26B 
D8228 
08228 


MD8228 
AM8228DM 


P8228 
AM8228PC 


D8238 
D8238 
MD8238 
AM8238DM 


P8238 
AM8238PC 
D8286 
DP8304BJ 


P3287 
DP8304BN 


08287 
DP8303BJ 


P8287 
OP8303BN 


MOTOROLA 


MC 
14 
88 
L 


I 
I 
I 
~ 


Mfg.'s 
Temperature 
Device 
Package 


Ident. 
Range 
Type 
Type 


AMD 
AMD 


Motorola 
Direct 
Functional 
Replacement 
Replacement 


MC1408L6 
AM1408L6 
MC1408L7 
AM1408L7 
MC1408L8 
AM1408L8 
MC1458G 
AM1458H 


MC1488L 
MC1488L 


MC1488P 
AM1488PC 
MC1489L 
MC1489L 


MC1489P 
AM1489PC 
MC1489AL 
MC1489AL 


MC1489AP 
AM1489APC 
MC1508L8 
AM1508L8 


MC1558G 
AM1558H 


MC1723CG 
723HC 
MC1723CL 
723DC 
MC1723G 
723HM 
MC1723L 
723DM 
MC1733CG 
733HC 
MC1733CL 
7330C 


AMD 
AMD 


Motorola 
Direct 
Functional 


Replacement 
Replacement 


MC1733F 
733FM 
MC1733G 
733HM 
MC1733L 
733DM 
MC1741CG 
741HC 
MC1741CL 
741DC 


MC1741F 
741FM 


MC1741G 
741HM 
MC1741L 
741DM 
MC1747CG 
747HC 
MC1747CL 
747DC 
MC1747G 
747HM 
MC1747L 
747DM 
MC1748CG 
748HC 
MC1748G 
748HM 
MC26S10L 
AM26S10DC 


MC26S10P 
AM26S10PC 


MC3438L 
AM26S12ADC 


MC3438P 
AM26S12APC 


MC3443L 
AM26S10DC 


MC3443P 
AM26S10PC 


MC3448AL 
MC3448AL 
MC3448AP 
MC3448AP 
MC3456L 
NE556F 
MC3456P 
NE556A 


MC3486L 
AM26LS31DC 


MC3486P 
AM26LS31 
PC 


MC3487L 
AM26LS32DC 


MC3487P 
AM26LS32PC 


MC3556L 
SE556F 
MC55107L 
SN55107BJ 
MC55108L 
SN55108BJ 


MC55109L 
SN55109J 


MC55110L 
SN55110J 


MC5524L 
SN5524J 


MC5525L 
SN5525J 
MC55325L 
SN55325J 
MC75107L 
SN75107BJ 


MC75107P 
SN75107BN 


MC75108L 
SN75108BJ 
MC75108P 
SN75108BN 
MC75109L 
SN75109J 
MC75109P 
SN75109N 


MC75110L 
SN75110J 
MC75110P 
SN75110N 


MC8T26L 
N8T26F 
MC8T26P 
N8T26B 
MC8601L 
9601DC 
MC8601P 
9601 PC 


MC8602L 
9602DC 
AM26020C 


MC8602P 
9602PC 
AM2602PC 


MC9601L 
9601DM 
MC9602L 
9602DM 
AM2602DM 


MLM101AG 
LM101AH 


MLM105G 
LM105H 
MLM107G 
LM107H 
MLM110G 
LM110H 
MLM111F 
LM111F 


MLM111G 
LM111H 
MLM111L 
LM111D 
MLM201AG 
LM210AH 


MLM205G 
LM205H 
MLM207G 
LM207H 
MLM210G 
LM210H 
MLM211G 
LM211H 


AMD 
AMD 


Motorola 
Direct 
Functional 
Replacement 
Replacement 


MLM211L 
LM211D 


MLM301AG 
LM301AH 


MLM301API 
LM301AN 


MLM305G 
LM305H 


MLM307G 
LM307H 


MLM310G 
LM310H 


MLM311G 
LM311H 


MLM211PI 
LM311N 


MLM311L 
LM311D 


MMH0026CG 
MH0026CH 


MMH0026CL 
MMH0026CL 


MMH0026CPI 
MH0026CN 


MMH0026G 
MH0026H 


MMH0026L 
MMH0026L 


NATIONAL 


DS 
78 
20 
J 


I 
I 
I 
----.l- 


Mfg.'s 
Temperature 
Device 
Package 


Ident. 
Range 
Type 
Type 


AMD 
AMD 


National 
Functional 
Direct 
Replacement 
Replacement 


DM54123J 
SN54123J 
DM54123W 
SN54123W 


DM54L123J 
AM26L123DM 


DM54L 123W 
AM26L123FM 


DM71 LS95J 
DM71 LS95J 
SN54LS241J 


DM71 LS96J 
DM71 LS96J 
SN54LS240J 


DM71 LS97J 
DM71 LS97J 
SN54LS244J 


DM71 LS98J 
DM71 LS98J 
SN54LS240J 


DM74L123J 
AM26L123DC 


DM74L123N 
AM26L123PC 


DM74123J 
SN74123J 
AM26123DC 


DM74123N 
SN74123N 
AM26123PC 


DM81 LS95J 
DM81 LS95J 
SN74LS240J 


DM81 LS95N 
DM81LS95N 
SN74LS240N 


DM81 LS96J 
DM81 LS96J 
SN74LS241J 


DM81LS96N 
DM81 LS96N 
SN74LS241N 


DM81 LS97J 
DM81LS97J 
SN74LS241J 


DM81LS97N 
DM81 LS97N 
SN74LS241N 


DM81 LS98J 
DM81LS98J 
SN74LS240J 


DM81LS98N 
DM81 LS98N 
SN74LS240N 


DM8601J 
9601 DC 


DM8601N 
9601 PC 


DM8602J 
9602DC 
AM2602DC 


DM8602N 
9602PC 
AM2602PC 


DM9601J 
9601DM 
DM9601W 
9601FM 


DM9602J 
9602DM 
AM2602DM 


DM9602W 
9602FM 
AM2602FM 


DP7303BJ 
DP7304BJ 


DP8303BJ 
DP8303BJ 


DP8304BJ 
DP8304BJ 
DSOO26CG 
MH0026CG 
DS0026CH 
MH0026CH 
DS0026CJ 
MMH0026CL 


DS0026CN 
MH0026CN 


DS0026F 
DSOO26F 


DSOO26G 
MH0026G 


DS0026H 
MH0026H 


DS0026J 
MMH0026L 


AMD 
AMD 


National 
Direct 
Functional 


Replacement 
Replacement 


DS0056CG 
DS0056CG 
DS0056CH 
DS0056CH 


DS0056CJ 
DS0056CJ 
DS0056CN 
DS0056CN 
DS0056G 
DS0056G 
DS0056H 
DS0056H 
DS0056J 
DS0056J 
DS1488J 
MC1488L 
DS1488N 
AM1488PC 
DS1489J 
MC1489L 
DS1489N 
AM1489L 
DS1489AJ 
MC1489AL 
DS1489AN 
AM1489APC 


DS1691J 
AM26LS30DM 


DS1692J 
DS1692J 
DS3691J 
AM26LS30DC 


DS3691N 
AM26LS30PC 


DS3692J 
DS3692J 
DS3692N 
DS3692J 
DS3692N 
DS3692N 
DS7820J 
DM7820J 
DS7820AJ 
DM7820AJ 
DS7830J 
DM7830J 
DS7831J 
DM7831J 
DS7832J 
DM7832J 


DS7835J 
S8T26F 


DS7838J 
DS7838J 
AM26S12ADM 


DS8820J 
DM8820J 
DS8820N 
DM8820N 
DS8820AJ 
DM8820AJ 
DS8820AN 
DM8820AN 
DS8830J 
DM8830J 
DS8830N 
DM8830N 
DS8831J 
DM8831J 
DS8831N 
DM8831N 
DS8832J 
DM8832J 
DS8832N 
DM8832N 
DS8835J 
N8T26F 


DS8835N 
N8T26B 


DS8838J 
DS8838J 
AM26S12ADC 


DS8838N 
DS8838N 
AM26S12APC 


DS55107J 
SN55107BJ 
DS5510aJ 
SN55108BJ 
DS55109J 
SN55109J 
DS55110J 
SN55110J 


DS75107J 
SN75107BJ 
DS75107N 
SN75107BN 
DS7510aJ 
SN75108BJ 
DS75108N 
SN75108BN 
DS75109J 
SN75109J 


DS75109N 
SN75109N 


DS75110J 
SN75110J 
DS75110N 
SN75110N 
LF155H 
LF155H 
LF155AH 
LF155AH 
LF156H 
LF156H 
LF156AH 
LF156AH 
LF157H 
LF157H 
LF157AH 
LF157AH 
LF198H 
LF198H 
LF255H 
LF255H 
LF256H 
LF256H 
LF257H 
LF257H 
LF298H 
LF298H 


IJ 


AMD 
AMD 


National 
Direct 
Functional 


Replacement 
Replacement 


LF355H 
LF355H 


LF355N 
LF355N 
LF355AH 
LF355AH 
LF356H 
LF356H 
LF356N 
LF356N 
LF356AH 
LF356AH 


LF357H 
LF357H 


LF357N 
LF357N 


LF357AH 
LF357AH 
LF39BH 
LF39BH 


LH2101AD, 
J 
LH2101AD 
LF2101AF 
LH2101AF 


LF2111D, 
J 
LH2111D 
LH2111F 
LH2111F 
LH2201AD, 
J 
LH2201AD 


LH2201AF 
LH2201AF 
LH2211D, 
J 
LH2211D 
LH2211F 
LH2211F 
LH2301AD, 
J 
LH2301AD 
LH2311D, 
J 
LH2311D 
LM101D, 
J 
LM101D 
LM101F 
LM101F 
LM101H 
LM101H 
LM101AD, 
J 
LM101AD 
LM101AF 
LM101AF 
LM101AH 
LM101AH 
LM102D, 
J 
LM102D 
LM102F 
LM102F 
LM102H 
LM102H 
LM105F 
LM105F 


LM105H 
LM105H 
LM106F 
LM106F 
LM106H 
LM106H 
LM107D, 
J 
LM107D 
LM107F 
LM107F 


LM107H 
LM107H 
LM10BD, 
J 
LM10BD 


LM10BF 
LM10BF 
LM10BH 
LM10BH 


LM10BAD, 
J 
LM10BAD 


LM10BAF 
LM10BAF 


LM10BAH 
LM10BAH 
LM110D,J 
LM110D 


LM110F 
LM110F 


LM110H 
LM110H 
LM111D, 
J 
LM111D 
LM111F 
LM111F 
LM111H 
LM111H 


LM112D, 
J 
LM112D 
LM112F 
LM112F 
LM112H 
LM112H 


LM11BD, 
J 
LM11BD 


LM11BF 
LM11BF 


LM11BH 
LM11BH 


LM119D,J 
LM119D 


LM119F 
LM119F 


LM119H 
LM119H 
LM124D, 
J 
LM124D 


LM124F 
LM124F 
LM139D, 
J 
LM139D 
LM139AD, 
J 
LM139AD 


LM139F 
LM139F 
LM139AF 
LM139AF 
LM14BD 
LM14BD 


AMD 
AMD 
National 
Direct 
Functional 


Replacement 
Replacement 


LM149D 
LM149D 
LM201H 
LM201H 
LM201AD, 
J 
LM201AD 
LM201AF 
LM201AF 
LM201AH 
LM201AH 
LM202H 
LM202H 
LM205H 
LM205H 


LM206H 
LM206H 
LM207D, 
J 
LM207D 
LM207F 
LM207F 
LM207H 
LM207H 
LM20BAD, 
J 
LM20BAD 
LM20BAF 
LM20BAF 
LM20BAH 
LM20BAH 
LM20BD, 
J 
LM20BD 
LM20BF 
LM20BF 
LM20BH 
LM20BH 
LM210D, 
J 
LM210D 
LM210H 
LM210H 
LM211D, 
J 
LM211D 


LM211F 
LM211F 
LM211H 
LM211H 
LM212D, 
J 
LM212D 
LM212F 
LM212F 
LM212H 
LM212H 
LM216D, 
J 
LM216AD 
LM216AF 
LM216AF 
LM216AH 
LM216AH 
LM216D, 
J 
LM216D 
LM216F 
LM216F 
LM216H 
LM216H 
LM21BD, 
J 
LM21BD 
LM21BF 
LM21BF 
LM21BH 
LM21BH 
LM219D, 
J 
LM219D 
LM219F 
LM219F 
LM219H 
LM219H 
LM224D, 
J 
LM224D 
LM239D, 
J 
LM239D 
LM239AD, 
J 
LM239D 
LM24BD 
LM24BD 
LM249D 
LM249D 
LM301AD, 
J 
LM301AD 
LM301AF 
LM301AF 
LM301AH 
LM301AH 
LM301AN 
LM301AN 
LM302F 
LM302F 


LM302H 
LM302H 
LM305F 
LM305F 
LM305H 
LM305H 
LM305AH 
LM305AH 
LM306F 
LM306F 
LM306H 
LM306H 
LM307D, 
J 
LM307D 
LM307F 
LM307F 


LM307H 
LM307H 
LM30BAD, 
J 
LM30BAD 
LM30BAF 
LM30BAF 
LM30BAH 
LM30BAH 
LM30BAN 
LM30BAN 


LM30BD, 
J 
LM30BD 
LM30BF 
LM30BF 


LM30BH 
LM30BH 
LM30BN 
LM30BN 


AMD 
AMD 


National 
Direct 
Functional 


Replacement 
Replacement 


LM310D, J 
LM310D 


LM310F 
LM310F 


LM310H 
LM310H 


LM310N 
LM310N 


LM311D, J 
LM311D 


LM311F 
LM311F 


LM311N 
LM311N 


LM312D, J 
LM312D 


LM312F 
LM312F 


LM312H 
LM312H 


LM316AD, J 
LM316AD 


LM316AF 
LM316AF 


LM316AH 
LM316AH 


LM316D, J 
LM316D 


LM316F 
LM316F 


LM316H 
LM316H 


LM318D, J 
LM318D 


LM318F 
LM318F 
LM318H 
LM318H 


LM318N 
LM318N 


LM319H 
LM319H 
LM319D, J 
LM319D 


LM319N 
LM319N 


LM324D, J 
LM324D 
LM324N 
LM324N 
LM339D, J 
LM339D 


LM339AD, J 
LM339AD 


LM339N 
LM339N 
LM339AN 
LM339AN 


LM348D 
LM348D 


LM348N 
LM348N 


LM349D 
LM349D 


LM349N 
LM349N 
LM723D, J 
723DM 


LM723H 
723HM 


LM723CD, J 
723DC 


LM723CH 
723HC 


LM725H 
725HM 


LM725CH 
725HC 
LM725CN 
725CN 


LM725D, J 
725DM 
LM725CD, J 
725DC 


LM733D, J 
733DM 
LM733H 
733HM 


LM733CD, J 
733DC 


LM733CH 
733HC 
LM741D, J 
741DM 


LM741F 
741FM 
LM741H 
741HM 
LM741CD, J 
741DC 


LM741CF 
741FC 
LM741CH 
741HC 
LM747D, J 
747DM 
LM747H 
747HM 
LM747F 
747FM 


LM747CD, J 
747DC 


LM747CP 
747PC 
LM747CH 
747HC 
LM747CN 
747PC 
LM478H 
748HM 
LM748CH 
748HC 
LM748CN 
748PC 
LM1458H 
AM1458H 


LM1558H 
AM1558H 


NE 
I 
Temperature 
Range 


SIGNETICS 


555 
I 
v 
I 
Package 
Type 


Device 
Type 


AMD 
AMD 


Signetics 
Direct 
Functional 


Replacement 
Replacement 


LM101F 
LM101D 
LM10H 
LM101H 
LM101AF 
LM101AD 
LM101AT 
LM101AH 
LM107F 
LM107D 
LM107T 
LM107H 
LM108F 
LM108D 
LM108T 
LM108H 
LM108AF 
LM108AD 
LM108AT 
LM108AH 
LM111F 
LM111D 
LM11H 
LM111H 
LM119H 
LM119H 
LM119D 
LM119D 
LM124F 
LM124D 
LM139F 
LM139D 
LM201T 
LM301H 
LM201AF 
LM201AD 
LM201AT 
LM201AH 
LM201AV 
LM201AN 
LM207F 
LM207D 
LM207T 
LM207H 
LM208F 
LM208D 
LM208T 
LM208H 
LM208AF 
LM208AD 
LM208AT 
LM208AH 


LM211F 
LM211D 
LM21H 
LM211H 
LM219H 
LM219H 
LM219D 
LM219D 
LM224F 
LM224D 
LM239F 
LM239D 
LM301AT 
LM301AH 
LM301AV 
LM301AN 
LM307F 
LM307D 
LM307T 
LM307H 
LM308F 
LM308D 
LM308T 
LM308H 
LM308V 
LM308N 
LM308AF 
LM308AD 
LM308AT 
LM308AH 
LM311 F 
LM311D 
LM31H 
LM311H 
LM311V 
LM311N 
LM319H 
LM319H 
LM319D 
LM319D 
LM319A 
LM319N 
LM324A 
LM324N 
LM324F 
LM324D 
LM339A 
LM339N 
LM339F 
LM339D 
MC1488F 
MC1488L 
MC1489F 
MC1489L 


MC1489AF 
MC1489AL 


NE529K 
AM686HC 
NE592K 
AM592HC 
N74123B 
SN74123N 
N74123F 
SN74123J 
N74221B 
SN74221N 
N74221F 
SN74221J 


IJ 


AMD 
AMD 


Signetics 
Direct 
Functional 
Replacement 
Replacement 


N8T22A 
9601 PC 


N8T22F 
9601DC 


N8T26B 
N8T26B 


N8T26F 
N8T26F 


N8T26AB 
N8T26AB 


N8T26AF 
N8T26AF 


. N8T28B 
N8T28B 


N8T28F 
N8T28F 


N8T38B 
DS8838N 


N8T38F 
DS8838J 


N9602B 
9602PC 


N9602F 
9602DC 


SE529K 
AM686HM 


SE555T 
SE555T 


SE556F 
SE556F 


SE592A 
AM592PC 


SE592K 
AM592HM 


S54123F 
SN54123J 


S54221F 
SN54221J 


S9602F 
9602DM 


S8T26F 
S8T26F 


S8T26AF 
S8T26AF 


S8T28F 
S8T28F 


S8T38F 
DS7838J 


IJ.A723CF 
723DC 


IJ.A723CL 
723HC 


1J.723F 
723DM 


IJ.A723L 
723HM 


IJ.A733CA 
733PC 


IJ.A733CF 
733DC 


IJ.A733CK 
733HC 


IJ.A733F 
733DM 


IJ.A733K 
733HM 


IJ.A741CF 
741 DC 


IJ.A741CT 
741HC 


IJ.A741F 
741DM 


IJ.A741T 
741HM 


IJ.A747CA 
747PC 


IJ.A747CF 
747DC 


IJ.A747CK 
747HC 


IJ.A747F 
747DM 


IJ.A747K 
747HM 


IJ.A748CT 
748HC 


IJ.A748F 
748DM 


IJ.A748T 
748HM 


TEXAS INSTRUMENTS 


75 
I 


N 
--L- 


Package 
Type 


Mfg.'s 
Ident. 


Temperature 


Range 
Device 
Type 


AMD 
AMD 


Texas 
Direct 
Functional 


Instruments 
Replacement 
Replacement 


SN52101AJ 
LM101AD 


SN52101AL 
LM101AH 


SN52101AZ 
LM101AF 


SN52105L 
LM105H 


SN52106FA 
LM106F 


SN52106L 
LM106H 


SN52107J 
LM107D 


SN52107L 
LM107H 


Texas 
AMD 
AMD 
Direct 
Functional 
Instruments 
Replacement 
Replacement 


SN52107Z 
LM107F 


SN52108AFA 
LM108AF 


SN52108AJA 
LM108AD 
SN52108AL 
LM108AH 
SN52108FA 
LM108F 


SN5210BJA 
LM108D 
SN52108L 
LM108H 
SN52111FA 
LM111F 
SN52111J 
LM111D 


SN52111 
L 
LM111H 
SN52118FA 
LM118F 
SN52118JA 
LM118D 
SN52118L 
LM118H 
SN52723J 
723DM 


SN52723L 
723HM 


SN52733FA 
733FM 


SN52733J 
733DM 
SN52733L 
733HM 
SN52741FA 
741FM 
SN52741JA 
741DM 
SN52741L 
741HM 
SN52747FA 
747FM 
SN52747JA 
747DM 
SN52747L 
747HM 
SN52748FA 
748FM 
SN52748JA 
748DM 
SN52748L 
748HM 
SN54L123J 
AM26l123DM 


SN54L123W 
AM26L123FM 


SN54LS123J 
SN54LS123L 
AM25LS123AM 


SN54LS123W 
SN54LS123W 
AM25LS123FM 


SN54LS240J 
SN54LS240J 
AM25LS240DM 


SN54LS241J 
SN54LS241J 
AM25LS241 
DM 


SN54LS242J 
SN54LS242J 
AM25LS242DM 


SN54LS243J 
SN54LS243J 
AM25LS243DM 


SN54LS244J 
SN54LS244J 
AM25LS244DM 
SN54S240J 
SN54S240J 
SN54S241J 
SN54S241J 
SN54123J 
SN54123J 
AM26123DM 
SN54123W 
SN54123W 
AM26123DM 


SN54221J 
SN54221J 
SN54221W 
SN54221W 
SN55107AJ 
SN55107BJ 
SN55107BJ 
SN55107BJ 
SN55108AJ 
SN55108BJ 
SN55108BJ 
SN55108BJ 
SN55109J 
SN55109J 
SN55110J 
SN55110J 
SN55114J 
9614DM 
SN55114W 
9614FM 
SN55115J 
9615DM 
SN55115W 
9615DM 
SN55182J 
DM7820AJ 
SN55182W 
DM7820AW 
SN55183J 
DM7830J 
SN55183W 
DM7830W 
SN55369J 
MMH0026L 
SN72301AJ 
LM301AD 
SN72301AL 
LM301AH 
SN72305L 
LM305H 
SN72306L 
LM306H 
SN72307J 
LM307D 
SN72307L 
LM307H 
SN72308AJA 
LM308AD 


AMD 
AMD 
Texas 
Direct 
Functional 
Instruments 
Replacement 
Replacement 


SN72308AL 
LM308AH 


SN7230BJA 
LM308D 


SN72308L 
LM308H 


SN72311J 
LM311D 


SN72311L 
LM311H 


SN72318JA 
LM318D 


SN72318L 
LM318H 


SN72723J 
723DC 
SN72723L 
723HC 
SN72733J 
733DC 
SN72733L 
733HC 
SN72741JA 
741 DC 
SN72741L 
741HC 
SN72747JA 
747DC 
SN72747L 
747HC 
SN72748JA 
748DC 
SN72748L 
748HC 
SN74L123J 
AM26L123DC 


SN74L123N 
AM26L 123PC 


SN74LS123J 
SN74LS123J 
AM25LS123DC 


SN74LS123N 
SN74LS123N 
AM25LS123PC 


SN74LS240J 
SN74LS240J 
AM25LS240DC 


SN74LS240N 
SN74LS240N 
AM25LS240PC 


SN74LS241J 
SN74LS241J 
AM25LS241 
DC 


SN74LS241 
N 
SN74LS241N 
AM25LS241 
PC 


SN74LS242J 
SN74LS242J 
AM25LS242DC 


SN74LS242N 
SN74LS242N 
AM25LS242PC 


SN74LS243J 
SN74LS243J 
AM25LS243DC 


SN74LS243N 
SN74LS243N 
AM25LS243PC 


SN74LS244J 
SN74LS244J 
AM25LS244DC 


SN74LS244N 
SN74LS244N 
AM25LS244PC 


SN74LS424J 
D8224 
SN74LS424N 
P8224 
SN74S240J 
SN74S240J 


SN74S240N 
SN74S240N 


SN74S241J 
SN74S241J 


AMD 
AMD 
Texas 
Direct 
Functional 
Instruments 
Replacement 
Replacement 


SN74S241N 
SN74S241N 


SN74S412J 
D8212 
SN74S412 
P8212 
SN74123J 
SN74123J 
AM26123DC 


SN74123N 
SN74123N 
AM26123PC 


SN74221J 
SN74221J 
SN74221N 
SN74221N 
SN75107AJ 
SN74107BJ 


SN75107AN 
SN75107BN 


SN75107BJ 
SN75107BJ 
SN75107BN 
SN75107BN 
SN75108AJ 
SN75108BJ 


SN75108AN 
SN75108BN 


SN752108BJ 
SN75108BJ 


SN75108BN 
SN75108BN 


SN75109J 
SN75109J 
SN75109N 
SN75109N 
SN75110J 
SN75110J 
SN75110N 
SN75110N 
SN75114J 
9614DC 
SN75114N 
9614PC 
SN75115J 
9615DC 
SN75115 
9615PC 
SN75182J 
DM8820AJ 
SN75182N 
DM8820AN 
SN75183J 
DM8830J 
SN75183N 
DM8830N 
SN75188J 
MC1488L 
SN75188N 
AM1488PC 
SN75189J 
MC1489L 
SN75189N 
AM1489PC 
SN75189AJ 
MC1489AL 
SN75189AN 
AM1489APC 
SN75369J 
MMHOO26CL 
SN75369P 
MHOO26CN 


ELECTRICAL 
CHARACTERISTICS 
Each die is electrically 
tested to the commercial 
or military 
grade DC parameters 
to guardbanded 
limits at 25°C to guarantee operation 
over the temperature 
range. 


QUALITY 
ASSURANCE 


All dice are 100% visually 
inspected to the requirements 
of MIL-STD-883A, 
Method 2010.2, 
condition 
B. 


All dice are glass passivated with 
only the bonding 
pads exposed to provide 
scratch protection. 
All dice are provided 
without 
gold backing. 


SHIPPING 
PACKAGES/ORDER 
INFORMATION 


All dice are packaged in containers 
with 
individual 
compartments 
which 
prevent 
damage to the die during shipping. 


Minimum 
order for AMD dice is 10 pes. 


SPECIAL 
CHIP 
PROCESSING 
If there is a need for additional 
testing or processing, contact 
AMD for detailed 
information. 


See following 
pages on ordering 
information 
for detail ordering 
number. 


ORDER 
NUMBER 
ORDER 
NUMBER 


DEVICE 
O·C to 
+70·C 
-SS·C 
to 
+12S·C 


NUMBER 
Metel 
Hermetic 
Molded 
Metel 
Hermetic 
Cen 
DIP 
DIP 
Dice 
Cen 
DIP 
Flet 
Pek 
Dice 


Am592 
AMS92HC 
AMS92DC 
AMS92PC 
AMS92XC 
AMS92HM 
AMS92DM 
AMS92XM 


Am68S' 
AM68SHL 
AM685DL 
AM685XL 
AM68SHM 
AM68SDM- 
AM68SXM 


Am686 
AM686HC 
AM686DC 
AM686XC 
AM686HM 
AM686DM 
AM686XM 


Am687' 
AM687DL 
AM687XL 
AM687DM 
AM687XM 


Am1500 
AM1500DC 
AM1S00DM 
AM1500FM 


AM1S00DL 
AM1S00FL 


Am1501 
AM15010C 
AM1S01DM 
AM1501FM 


AM1501DL 
AM15091FL 


Am150B 
AM140BLB 
AM1S08L8 


AM140BL7 


AM140BL6 


Am15S8 
AM1458H 
AM1558H 


Am25 Serle. 


Am2502 
AM2502DC 
AM2502PC 
AM2502XC 
AM2S02DM 
AM2S02FM 
AM2S02XM 


Am2503 
AM2503DC 
AM2503PC 
AM2S03XC 
AM2503DM 
AM2503FM 
AM2503XM 


Am25Q4 
AM2504DC 
AM2504PC 
AM2504XC 
AM2504DM 
AM2S04FM 
AM2504XM 


Am25L02 
AM25L02DC 
AM25L02PC 
AM25L02XC 
AM25L02DM 
AM25L02FM 
AM25L02XM 


Am25l03 
AM25L03DC 
AM25L03PC 
AM25L03XC 
AM25L03DM 
AM25L03FM 
AM25L03XM 


Am25l04 
AM25L04DC 
AM25L04PC 
AM25LQ4XC 
AM2SL04DM 
AM25L04FM 
AM25L04XM 


Am25lS240 
AM25LS240DC 
AM25LS240PC 
AM25LS240XC 
AM25LS24QOM 
AM25LS240FM 
AM2SLS240XM 


Am25lS241 
AM25lS24, 
DC 
AM25LS24' 
PC 
AM25LS241 
XC 
AM25LS2410M 
AM25LS241 
FM 
AM2SLS241 
XM 


Am25lS242 
AM25LS242DC 
AM25LS242PC 
AM25LS242XC 
AM25LS242DM 
AM25LS242FM 
AM25LS242XM 


Am25LS243 
AM25LS243DC 
AM25LS243PC 
AM25LS243XC 
AM2SLS243DM 
AM25LS243FM 
AM25LS243XM 


Am25LS244 
AM25LS244DC 
AM25LS244PC 
AM25LS244XC 
AM2SLS244DM 
AM25LS244FM 
AM25LS244XM 


Am26 
Series 


Am2600 
AM2600DC 
AM2600PC 
AM2600XC 
AM2600DM 
AM2600FM 
AM2600XM 


Am2602 
AM2602DC 
AM2602PC 
AM2602XC 
AM2602DM 
AM2602FM 
AM2602XM 


Am2614 
AM26140C 
AM2614PC 
AM2614XC 
AM26140M 
AM2614FM 
AM2614XM 


Am2615 
AM26150C 
AM2615PC 
AM2615XC 
AM2615DM 
AM26,5FM 
AM26'5XM 


Am2616 
AM2616DC 
AM2616PC 
AM2616XC 
AM2616DM 
AM2616FM 
AM2616XM 


Am2617 
AM26170C 
AM2617PC 
AM2617XC 
AM26170M 
AM2617FM 
AM2617XM 


Am26123 
AM261230C 
AM26123PC 
AM26123XC 
AM261230M 
AM26123FM 
AM26123XM 


Am26LS29 
AM26LS290C 
AM26LS29PC 
AM26LS29XC 
AM26LS29DM 
AM26LS29FM 
AM26LS29XM 


Am26LS30 
AM26LS300C 
AM26LS30PC 
AM26LS30XC 
AM26LS300M 
AM26LS30FM 
AM26LS30XM 


Am26LS31 
AM26LS31DC 
AM26LS31PC 
AM26LS31XC 
AM26LS31DM 
AM26LS31FM 
AM26LS31XM 


Am26LS32 
AM26LS32DC 
AM26LS32PC 
AM26LS32XC 
AM26LS32DM 
AM26LS32FM 
AM26LS32XM 


Am26LS33 
AM26LS330C 
AM26LS33PC 
AM26LS33XC 
AM26LSS30M 
AM26LS33FM 
AM26LS33XM 


Am26L02 
AM26L020C 
AM26L02PC 
AM26L02XC 
AM26L020M 
AM26L02FM 
AM26L02XM 


Am26L123 
AM26L1230C 
AM26L123PC 
AM26L123XC 
AM26L1230M 
AM26L123FM 
AM26L123XM 


Am26S02 
AM26S02DC 
AM26S02PC 
AM26S02XC 
AM26S02DM 
AM26S02FM 
AM26S02XM 


Am26S10 
AM26S100C 
AM26S10PC 
AM26S10XC 
AM26S100M 
AM26S10FM 
AM26S10XM 


Am26S11 
AM26S110C 
AM26S11PC 
AM26S11XC 
AM26S110M 
AM26S11FM 
AM26S11XM 


Am26S12 
AM26S'2DC 
AM26S12PC 
AM26S12XC 
AM26S120M 
AM26S12FM 
AM26S12XM 


Am26S12A 
AM26S12AOC 
AM26S12APC 
AM26S12AXC 
AM26S12AOM 
AM26S12AFM 
AM26S12AXM 


Am29 
Serie. 


Am2905 
AM2905DC 
AM2905PC 
AM2905XC 
AM2905DM 
AM290SFM 
AM2905XM 


Am2906 
AM2906DC 
AM2906PC 
AM2906XC 
AM2906DM 
AM2906FM 
AM2906XM 


Am2907 
AM2907DC 
AM2907PC 
AM2907XC 
AM29070M 
AM2907FM 
AM2907XM 


Am2908 
AM2908DC 
AM290BPC 
AM2908XC 
AM2908DM 
AM2908FM 
AM2908XM 


Am2915A 
AM2915AOC 
AM2915APC 
AM2915AXC 
AM2915AOM 
AM2915AFM 
AM2915AXM 


Am2916A 
AM2916AOC 
AM2916APC 
AM2916AXC 
AM2916AOM 
AM2916AFM 
Am2916AXM 


Am2917A 
AM2917AOC 
AM2917APC 
AM2917AXC 
AM2917AOM 
AM2917AFM 
AM2917AXM 


Am32XX 
Serie. 
Am3212 
03212 
P3212 
AMB212XC 
M03212 


Am3216 
03126 
P3216 
AMB212XC 
M03216 


Am3226 
D3226 
P3226 
AMB226XC 
MD3226 


Am6070 
AM60700C 
AM6070PC 
6070XC 
AM60700M 
Am6071 


Am6072 


Am6073 


Am60BO 
AM6080DC 
AM6080PC 
6080XC 
AM60BOOM 


Am6081 
AM6081DC 
6081PC 
6081XC 
AM6081DM 


AMDAC-08EQ 
AMDAC-08AQ 


DAC-08 
AMDAC-08CQ 
AMDAC-08Q 


OM, OP or OS Serle. 


DS0056 
(8 p;n) 
DS0056CH 
DSOO56CN 
AMOO56CX 
OSOO56H 
AMOO56X 


DS0056 
(12 
p;n) 
DSOOS6CG 
DS0056G 


OS0056 
(14 
pin) 
OSOO56J 
DSOO56J 


OS1613692 
DS3692J 
DS3692N 
DS1692J 
DS'692W 


OM71181LS95 
DM81 LS95N 
OM81 LS95J 
AM81LS95X 
OM71LS95J 
OM71 LS95W 
AM7,LS95X 


DM71/8'LS96 
OM81LS96N 
OM81 LS96J 
AM81LS96X 
DM71 LS98J 
DM71 
LS96W 
AM71 
LS96X 


OM71181 
LS97 
DM81LS97N 
DM81LS97J 
AM81LS97X 
DM7,LS97J 
DM71LS97W 
AM71LS97X 


DM71/8,LS98 
DM81LS98N 
DM81 
LS98J 
AM81 
LS98X 
DM7,LS98J 
OM71LS98W 
AM71LS98X 


OM7818820 
DM8820J 
OM8820N 
AM8820X 
DM7820J 
DM7820W 
AM7820X 


OM7818820A 
DM8820AJ 
DM8820AN 
AM8820AX 
DM7820AJ 
OM7820AW 
AM7820AX 


DM78/8830 
DM8830J 
DM8830N 
AM8830X 
DM7830J 
OM7830W 
AM7830X 
DM78/883, 
OM8831J 
OM8831N 
AM8831X 
OM7831J 
DM7831W 
AM7831X 
DMltl/B832 
OM8832J 
DM8832N 
AM8832X 
OM7832J 
OM7832W 
AM7832X 


tOM7318303B 
OP8303BJ 
DP8303BN 
AM8303BX 
DP7303BJ 
DP7303BW 
AM7303BX 
DP73/8304B 
OP8304BJ 
OP8304BN 
AM8304BX 
OP7304BJ 
DP7304BW 
AM7304BX 


DS78/8838 
DS8838J 
DS8838N 
DS7838J 
OS7838W 


ORDER 
NUMBER 
ORDER 
NUMBER 
DEVICE 
O"C to +70°C 
_ 55°C to 
+ 125°C 
NUMBER 
Met.1 
Herm.tlc 
Molded 
Met.1 
Hermetic 
C.n 
DIP 
DIP 
Dice 
C.n 
DIP 
FI.t 
P.k 
Dice 


lH2101A 
lH2301AO 
lH2l01AO 
LH21Q1AF 


lM1Ql 
lM301H 
lM3010 
LM301N 
lO301 
LM101H 
LM101Q 
LM1Q1F 
L0101 


LM201N 
lM201H 
LM201Q 
lM201F 


lMl01A 
lM301AH 
lM30,AO 
lM301AN 
lO301A 
LM1Q1AH 
lMl01AO 
LM101AF 
L0101A 


lM201AN 
lM20'AH 
lM201AO 
lM201AF 


UJll02 
lM302H 
lM3020 
lO302 
lMl02H 
lMl020 
LM102F 
L0102 


lM202H 
lM2020 
LM202F 


lMl05 
lM305H 
lO305 
lMl05H 
lDl0S 


LM305AH 
lM205H 


lMl06 
lM306H 
lM306D 
lO306 
LM106H 
lMl06F 
lOl06 


lM206H 
lM206F 
lMl07 
lM307H 
lM3070 
lO307 
LM1Q7H 
LM1Q7D 
lM1Q7F 
L01Q? 


lM207H 
lM2070 
lM207F 


lM1QB 
LM308H 
lM30BO 
LM30BN 
lO30B 
LM108H 
LM10BD 
LM108F 
LOWS 


lM20BH 
lM20BO 
lM20BF 


LM108A 
LM308AH 
lM30BAO 
lM30BAN 
lO30BA 
lMl08AH 
LM108AD 
LM108AF 
LD108A 


LM208AH 
lM20BAO 
LM20BAF 


LM11Q 
lM310H 
lM3100 
lM310N 
LD310 
LM110H 
lMl10D 
LM110F 
L0110 


LM21QH 
lM21 00 
lM210F 


LM111 
LM311H 
LM3110 
LM311N 
L0311 
LM111H 
LM111D 
LM111F 
L0111 


LM211H 
LM211D 
LM211F 


LM112 
lM312H 
M3120 
LD312 
LM112H 
LM112D 
lM112F 
LD112 


lM212H 
lM212D 
LM212F 


LM118 
LM318H 
LM3180 
LM318N 
lO31B 
LM118H 
LM118D 
lM118F 
lOllS 


LM218H 
LM2180 
LM218F 


lM119 
LM319H 
lM3190 
LM319N 
LOa19 
lM119H 
LM119D 
lM119F 
L0119 


LM219H 
lM219D 
lM219F 


lM124 
lM324D 
lM324N 
lO324 
lM124D 
lM124F 
lD124 
. 
lM224D 
lM224F 


lM124A 
lM324AD 
lM324AN 
lD324A 
lM124AD 
lM124AF 
lD124A 


lM224AD 
lM224AF 


lM139 
lM339D 
lM339N 
lD339 
lM139D 
lM139F 
lD139 


lM2390 
lM239F 


lM139A 
lM339AD 
lM339AN 
lO339A 
lM139AO 
lM139AF 
lO139A 


lM239AO 
lM239AF 


lM148 
lM348D 
lM348N 
lO348 
lM1480 
lD148 


lM248D 


lM149 
lM349D 
lM349N 
lD349 
lM149D 
lD149 


lM2490 


lF155 
lF355H 
lF355N 
lO355 
lF155H 
lO155 


lF225H 


lF155A 
lF355AH 
lO355A 
lF155AH 
lD155A 


lF156 
lF356H 
lF356N 
lO356 
lF156H 
lD156 


lF256H 


lF16A 
lF356AH 
lD356A 
lF156AH 
lO156A 


lF157 
lF357H 
lF357N 
lO357 
lF157H 
lD157 


lF257H 


lF157A 
lF357AH 
lO357A 
lF157AH 
lO157A 


lF198 
lF398H 
lO39B 
lF19BH 
lD198 


lF298H 


UJI216 
lM316H 
lM316D 
lD316 


lM216H 
lM216D 
lM216F 
lD216 
lM216A 
lM316AH 
lM316AD 
lD316A 


lM216AH 
lM216AD 
lM216AF 
lD216A 


MC1488 
MC1488l 
AM1488PC 
AM1488XC 


MC1489 
MC1489l 
AM1489PC 
AM1489XC 


MC1489A 
MC1489Al 
AM1489APC 
AM1489AXC 


MC3448A 
MC3448Al 
MC3448APC 
AM3448X 
MHOO26 (8 pin) 
MHOO26CH 
MHOO26CN 
AMOO26CX 
MHOO26H 
AMOO26X 


MHOO26 (12 pin) 
MHOO26CG 
MHOO26G 


MH0026 (14 pin) 
MMHOO26Cl 
MMHOO26l 
OS0026F 


ORDER 
NUMBER 
ORDER 
NUMBER 


DEVICE 
O·C 10 +70·C 
- SS·C to 
+ 12S·C 
NUMBER 
Metel 
Hermetic 
Molded 
MeUlI 
Hermetic 


Con 
DIP 
DIP 
Dice 
Cen 
DIP 
Flet 
Pek 
Dice 


SN54/74 Serle. 


SN54/74123 
SN74123J 
SN74123N 
AM74123X 
SNS4123J 
SN54'23W 
AM54123X 
SN54/74221 
SN74221J 
SN74221N 
Am74221X 
SN54221J 
SN54221W 
AM54221X 
SN54/74LS240 
SN74LS240J 
SN74LS240N 
AM74LS240X 
SN54LS240J 
SN54LS240W 
AM54LS240X 
SN54/74LS241 
SN74LS241J 
SN74LS241N 
AM74LS241X 
SN54LS241J 
SN54LS241W 
AM54LS241X 


SN54/74LS242 
SN74LS242J 
SN74LS242N 
AM74lS242X 
SN54LS242J 
SN54LS242W 
AM54LS242X 


SN54/74LS243 
$N74LS243J 
$N74LS243N 
AM74LS243X 
SN54LS243J 
SN54LS243W 
AM54LS243X 
$N54/74LS244 
SN74L$244J 
SN74L$244N 
AM74LS244X 
$N54LS244J 
SN54LS244W 
AM54LS244X 
SN54/74S240 
SN74S240J 
SN74S240N 
AM74S240X 
SN54S240J 
AM54S240X 
SN54/74S241 
SN74S241J 
SN74$241N 
AM74S241X 
SN54S241J 
AM54S241X 


ISN54/74S242 
SN74S242J 
SN74S242N 
AM74S242X 
SN54S242J 
AM54S242X 


SN54/74S243 
SN74S243J 
SN74S243N 
AM74S243X 
$N54S243J 
AM54S243X 
SN54/74S244 
$N74S244J 
SN74S244N 
AM74S244X 
SN54S244J 
AM54S244X 


SN55/75 Serle. 


SN55/75107B 
$N75107BJ 
SN75107BN 
AM75107BX 
SN55107BJ 
AM551Q7BX 
SN55/75108B 
SN75108BJ 
SN75108BN 
AM751Q8BX 
SN551088J 
AM55108BX 
SN55/75109 
SN75109J 
SN75109N 
AM75109X 
SN55109J 
AM55109X 
SN55/75110 
SN75110J 
SN75110N 
AM75110X 
SN55110J 
AM55110X 


715 
715HC 
7150C 
715XC 
715HM 
7150M 
715XM 


723 
723HC 
7230C 
723PC 
723XC 
723HM 
7230M 
723XM 
SSS725 
SSS725CJ 
SSS725CP 
SSS725J 
SSS725P 


733 
733HC 
7330C 
733XC 
733HM 
7330M 
733FM 
733XM 
741 
741HC 
7410C 
741XC 
741HM 
7410M 
741FM 
741XM 


741A 
741EHC 
741EOC 
741AHM 
741AOM 
741AFM 


SS$741 
SSS741CJ 
SSS741J 


747 
747HC 
7470C 
747PC 
747XC 
747HM 
7470M 
747FM 
747XM 
747A 
747EHC 
747EOC 
747AHM 
747AOM 
747AFM 


SS$747 
SSS747CK 
SSS747CP 
SSS747K 
SSS747P 
SSS747M 


748 
748HC 
7480C 
748PC 
748XC 
748HM 
7480M 
748FM 
748XM 


8XXXSerle. 


8T26 
N8T26F 
N8T26B 
AM8T26X 
S8T26F 
AM8T26X 
8T26A 
N8T26AF 
N8T26AB 
AM8T26AX 
S8T26AF 
AM8T26AX 
8T28 
N8T28F 
N8T28B 
AM8T28X 
S8T28F 
AM8T28X 
8212 
08212 
P8212 
AM8212XC 
AM82120M 


8216 
08216 
P8216 
AM8216XC 
AM82160M 


8224 
08224 
AM8224PC 
AM8224XC 
AM8224DM 


Am8224-4 
AM8224·40C 


8226 
08226 
AM8226PC 
AM8226XC 
AM82260M 


8228 
08228 
AM8228PC 
AM8228XC 
AM82280M 


8238 
08238 
AM8238PC 
AM8238XC 
AM82380M 


Am8238-4 
AM8238-40C 
AM8238-4PC 


96 Serle. 


9600 
96OO0C 
9600PC 
AM9600XC 
96000M 
9600FM 
AM9600XM 


9601 
96010C 
9601PC 
AM9601XC 
96010M 
9601FM 
AM9601XM 
9602 
96020C 
9602PC 
AM9602XC 
96020M 
9602FM 
AM9602XM 
9614 
96140C 
9614PC 
AM9614XC 
9614DM 
9614FM 
AM9614XM 


9615 
96150C 
9615PC 
AM9615XC 
96150M 
9615FM 
AM9615XM 
9616 
96160C 
9616PC 
AM9616XC 
96160M 


9617 
96170C 
9617PC 
AM9617XC 
96170M 
AM9617XM 


96L02 
96L020C 
96L02PC 
AM96L02XC 
96L020M 
96L02FM 
AM96L02XM 


II 


PRODUCT ASSURANCE 
MIL-M-38510 • MIL-STD-883 


The product 
assurance 
program 
at Advanced 
Micro 
Devices defines 
manufacturing 
flow, 
estab ishes standards 
and controls, 
and 
confirms 
the product 
quality 
at critical 
points. 
Standardization 
under 
this program 
assures 
that all products 
meet 
military 
and 
government 
agency specifications 
for reliable 
ground 
applications. 
Further 
screening 
for users desiring 
flight 
hardware 
and other 
higher 
reliability 
classes 
is simplified 
because 
starting 
product 
meets 
all initial 
requirements 
for high-reliability 
parts. 


The quality 
standards 
and screening 
methods 
of this program 
are equally 
valuable 
for commercial 
parts where 
equipment 
must 
perform 
reliably 
with 
minimum 
field 
service. 


MIL-M-38510 - General 
Specification 
for Microcircuits 
MIL-STD-883 - Test Methods 
and Procedures 
for Microelectronics 


MIL-M-38510 
describes 
design, 
processing 
and 
assembly 
workmanship 
guidelines 
for 
military 
and 
space-grade 
integrated 
circuits. 
All circuits 
manufactured 
by Advanced 
Micro 
Devices for full temperature 
range (-55°C 
to + 125°C) operation 
meet these 
quality 
requirements 
of MIL-M-38510. 


MIL-STD-883 defines detail testing 
and inspection 
methods 
for integrated 
circuits. 
Three ofthe 
methods 
are quality 
and processing 
standards 
directly 
related 
to product 
assurance: 


Test Method 2010 defines 
the visual 
inspection 
of integrated 
circuits 
before sealing. 
By confirming 
fabrication 
and assembly 
quality, 
inspection 
to this standard 
assures the user of reliable 
circuits 
in long-term 
field applications. 
Standard 
inspection 
at 
Advanced 
Micro 
Devices 
includes 
all the requirements 
of the latest 
revision 
of Method 
2010, condition 
B. 


Test Method 5004 defines 
three 
reliability 
classes 
of parts. All 
must 
receive 
certain 
basic inspection, 
preconditioning 
and 
screening 
stresses. 
The classes 
are: 


Class C - 
Used where 
replacement 
can be readily 
accomplished. 
Screening 
steps are given 
in the AMD processing 
flow 
chart. 


Class B - Used where 
maintenance 
is difficult 
or expensive 
and where 
reliability 
is vital. Devices are upgraded 
from 
Class 
C to Class B by 160-hour 
burn-in 
at 125°C followed 
by more 
extensive 
electrical 
measurements. 
All 
other 
screening 
requirements 
are the same. 


Class 5 - 
Used where 
replacement 
is extremely 
difficult 
and reliability 
is imperative. 
Class S screening 
selects 
extra 
reliability 
parts 
by expanded 
visual 
and X-ray 
inspection, 
further 
burn-in, 
and tighter 
sampling 
inspection. 


All hermetically 
sealed 
integrated 
circuits 
(military 
and commercial) 
manufactured 
by Advanced 
Micro 
Devices 
are screened 
to 
MIL-STD-883, 
Class C. Molded 
integrated 
circuits 
receive 
Class C screening 
except 
that 
centrifuge 
and hermeticity 
steps 
are 
omitted. 


Optional 
extended 
processing 
to MIL-STD-883, 
Class B is available 
for all AMD integrated 
circuits. 
Parts procured 
to this screening 
are marked 
with 
a "-B" 
following 
the standard 
part number, 
except 
that 
linear 
100, 200 or 300 series 
are suffixed 
"/883B". 


Test Method 
5005 defines 
qualification 
and 
quality 
conformance 
procedures. 
Subgroups, 
tests 
and 
quality 
levels 
are 
given 
for 
Group 
A (electrical), 
Group 
B (mechanical 
quality 
related 
to the 
user's 
assembly 
environment), 
Group 
C (die 
related 
tests) 
and 
Group 
D (package 
related 
tests). 
Group 
A tests 
are always 
performed; 
Group 
B, C and 
0 
may 
be 
specified 
by the user. 


MANUFACTURING, SCREENING AND INSPECTION 
FOR 
INTEGRATED CIRCUITS 


All integrated 
circuits are screened 
to MIL-STD-883, 
Method 
5004, Class C; quality 
conformance 
inspection 
where 
required 
is performed 
to Class B quality 
levels on either 
Class B or Class C product. 


All full-temperature-range 
(-55°C to + 125°C) circuits are manufactured 
to the workmanship 
requirements 
of MIL-M- 
38510. 
EI 


STANDARD 
PROCESSING 
CLASS C 
Steps 1 Through 25 


Purchased or fabricated 
starting 
materials are inspected 
for conformance 
to 
specified 
requirements. 
Inspection 
follows 
written 
procedures. 
and 
records 
are analyzed 
for 
supplier 
quality 
negotiations. 


Repeated 
masking, 
etching 
and diffusion 
processes produce 
finished 
dice 
in wafer form. 


Sample 
wafers from 
each finished 
diffusion 
lot are inspected 
to confirm 
lot quality 
before 
release for test and assembly. 


Electrical 
probe test of every die. 
A computer-controlled 
system measures 
static 
and 
dynamic 
parameters 
and 
identifies 
dice 
that 
do 
not 
meet 
electrical 
requirements. 


Decisions 
at the 
100% inspection 
are reviewed through 
periodic 
random 
sampling, 
confirming 
product 
quality 
and revealing any need for operator 
retraining. 


Strength 
of die attachment, 
position 
of die and visual quality 
of eutectic 
wetting 
are 
confirmed 
periodically 
by 
inspecting 
random 
samples and 
push-testing 
the 
attached 
dice. 


Hermetic: 
Aluminum 
wires, 
ultrasonic 
bonding. 


Molded: 
Gold wires, thermocompression 
bonding. 


Weld strength, 
bond size and position, 
wire dress and general workmanship 
are confirmed 
periodically 
by comparing 
random 
samples with 
assembly 
instructions 
and quality 
standards. 
Bond strength 
is plotted 
on statistical 
control 
charts, providing 
early warning of process drifts. 


Assembled 
but 
unsealed units 
are individually 
inspected at low and high 
power. 


All 
devices - 
MIL-STD-883, 
Method 
2010, 
Condition 
B (latest 
revision). 
Full temperature 
devices - 
MI L-M-38510, 
Para. 3.7 for workmanship 
(re- 


bonding 
limits). 


Decisions 
at the 
100% inspection 
are reviewed through 
periodic 
random 
sampling, 
providing 
confirmation 
of 
product 
quality 
and revealing 
any 


need for 
operator 
retraining. 


HIGH 
TEMPERATURE 
STORAGE 


MIL-STD-883, 
Method 
1008, 
Condo C: 
150°C, 
24 hr 


TEMPERATURE 
CYCLE 


MI L-STD-883, 
Method 
1010, 
Condo C: 
-65°C, 
+150°C, 
10 cycles 


CENTRIFUGE 


MI L-STD-883, 
Method 
2001, 
Condo E: 
30,000 
G 


MI L-STD-883, 
Method 
1014, 
Condo A or B: Fine Leak 
MIL-STD-883, 
Method 
1014, 
Condo C2: 
Gross Leak 


ELECTRICAL 
TEST 


MI L-STD-883, 
Method 
5004, 
Para. 3.1.12; 
Static, 
dynamic, 
functional 


tests at 25°C or in certain 
products 
at the most critical 
extreme tempera- 
ture to assure accuracy of device selection. 


QUALITY 
GROUP 
A ELECTRICAL 
TEST 
(TABLE 
I) 


MIL-STD-883, 
Method 
5005. See the table 
below. 
Quality 
levels 
as defined 
for Class B are applied 
to both 
Class B and Class C 
parts. 
Proven 
correlations 
supported 
by periodic 
reconfirma- 


tion 
may 
be used for some 
parameters. 


Confirmation 
of product 
type, 
count, 
package. 


Confirmation 
of completion 
of all process 
requirements. 
Confirmation 
of required 
documentation. 


This 
AMD 
standard 
product 
meets 
screening 
requirements 
of 
MIL-STD-883, 
Class C. 


Initial 
Sample 
Size 


Subgroup 
2 - 
Static 
tests 
at maximum 
rated 
operating 
temperature 


Subgroup 
3 - 
Static 
tests at minimum 
rated 
operating 
temperature 


Subgroup 
4 - 
Dynamic 
tests 
at 2SoC - 
linear 
devices 


Subgroup 
5 - 
Dynamic 
tests 
at maximum 
rated 
operating 
temperature 
- 
linear 
devices 


Subgroup 
6 - 
Dynamic 
tests at minimum 
rated 
operating 
temperature 
- 
Linear 
devices 


Subgroup 
7 - 
Functional 
tests at 25° C 


Subgroup 
8 - 
Functional 
tests at maximum 
and minimum 
rated 
operating 
temperatures 


Subgroup 
9 - 
Switching 
tests at 25°C 
- 
Digital 
devices 


Subgroup 
10 - 
Switching 
tests at maximum 
rated 
operating 
temperature 
- 
Digital 
devices (Note 
2) 


Subgroup 
11 - 
Switching 
tests at minimum 
rated operating 
temperature 
- 
Digital 
devices 
(Note 
2) 


LTPD 
(Note 
1) 


5 


7 


7 


5 


1. Sampling plans are based on LTPDtables of MIL-M-38510. The smaller initial sample size, based on zero rejects allowed, has been chosen 
unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding 
to an acceptance number 
of 2. The minimum 
reject number in all cases is 3. 
2. These subgroups 
are usually performed 
during initial device characterization 
only. 


OPTIONAL 
EXTENDED 
PROCESSING 
CLASS B 
Steps 101 Through 110 


Advanced 
Micro 
Devices 
offers 
several 
extended 
processing 
options 
to 
meet 
customer 
high-reliability 
requirements. 
These 
are defined 
in AMD 
document 
00-003. The flow 
chart 


below 
outlines 
Option 
B, a 160-hr burn in. Military 
temperature 
range devices 
processed 
to 


this flow 
(in the left column) 
meet the screening 
requirements 
of MIL-STD-883, 
Class B. 


MILITARY RANGE 


HERMETIC PACKAGES 


MIL-STD-883, 
Method 
1015: 160 hr, 125°C, or time-temperature 
equiva- 


lents as allowed 
by Method 
1015. 


FINAL 
ELECTRICAL 
TEST 


MIL-STD-883, 
Method 
5004. 


Military: 
Testing 
subgroups 
as defined 
for Class B. Static and functional 
at 3 temperatures, 
dynamic 
or switching 
at room 
temperature. 


Commercial: 
Repeat step 20. 


QUALITY 
GROUP 
A ELECTRICAL 
SAMPLE 
(TABLE 
I) 


MIL-STD-883, 
Method 
5005 and Table 
I. Quality 
levels 
as defined 
for 
Class 
B. Temperature 
correlations 
may 
be used 
on commercial 
prod- 
ucts. 


MIL-STD-883, 
Method 
5005. Sample 
life and environmental 
tests if re- 


quired 
by purchase 
order. 
Further 
information 
on specifying 
this is given 
in AMD 
document 
00-003. 


Standard 
AMD parts with this burn-in 
option 
are marked with "-B" after 
the part number, 
except 
that 
linear 
100, 200 or 300 series 
are suffixed 
"/883B". 


Military 
temperature 
range 
parts meet screening 
requirements 
of MIL- 


STD-883, 
Class B. 


COMMERCIAL RANGE 


HERMETIC OR 


MOLDED PACKAGES 


Document 00-003, "Extended Processing Options", further defines Option B as well as other 
screening or sampling options available or special order. Available options are listed here for 
reference. 


A 
Modified Class A screen 
Provides space-grade product, fol- 


(Similar to Class S screening) 
lowing most Class S requirements 
of MIL-STD-883, Method 5004. 


B 
160-hr operating burn in 
Upgrades a part from Class C 
to Class B. 


X 
Radiographic inspection (X-ray) 
Related to Option A. Provides 
limited internal inspection of 
sealed parts. 


S 
Scanning Electron Microscope 
Sample inspection of metal 


(SEM) metal inspection 
coverage of die. 


V 
Preseal visual inspection to 
More stringent visual inspection 
MIL-STD-883, Method 2010, 
of assemblies and die surfaces 


Condo A 
prior to seal. 


P 
Particle impact noise (PIN) 
Detects loose particles of 


screen with ultrasonic detection. 
approximately 0.5 mil size or larger, 
which could affect reliability in 
zero-G or high vibration applications. 


Q 
Quality conformance inspection 
Samples from the lot are stressed 


(Group B, C and D life and 
and tested per Method 5005. 
environmental tests) 
The customer's order must state 
which groups are required. 
Group B destroys 16 devices; 
Group C, 92 devices; Group D, 
60 devices. 
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Am106/206/306 


Distinctive Characteristics 


• 
Functionally, 
electrically, 
and 
pin-for-pin 
equivalent 


to the National 
LM 106/206/306 


• 
Drives RTL, DTL or TTL directly 


• 
Output can switch voltages 
up to 24 V @ 100 mA 


• 
Fan-out of 10 with DTL or TTL 


FUNCTIONAL 
DESCRIPTION 


The 
Am106/206/306 
are 
high-speed 
voltage 
comparatorsl 


buffers 
designed 
to 
be used 
in applications 
where 
high 
ac- 


curacy 
and 
fast 
response 
times 
are 
required. 
The device 
is 
useful 
as a pulse-height 
discriminator, 
relay 
or 
iamp 
driver 


or a line receiver. 


• 
100% reliability 
assurance 
testing 
in compliance 
with 
MIL STD 883. 
• 
Electrically 
tested 
and 
optically 
inspected 
die 
for 


assemblers 
of hybrid 
products. 
• 
Available 
in metal 
can and hermetic 
flat 
package. 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


Am306 
Metal Can 
O°C to +70°C 
LM306H 


Dice 
O°C to +70°C 
LD306 


Am206 
Metal Can 
-2SoC 
to +8SoC 
LM206H 


Metal Can 
-SSoC 
to +12SoC 
LM106H 


Am106 
Flat Pak 
-55°C 
(0 +125°C 
lM106F 


Dice 
-SSoC 
to +12SoC 
LD106 


Upper and Lower Trip Points: 


V 


UT = V' 
EF + 
R, [VO MAX 
- V.EF] 


R,+ 
R, 


and 


V 


LT = V' 
EF + 
R, [Vo MIN 
- V.EF] 


R, + R, 


Hysteresis 
= VH = VUT 
- VLT 


R, [Vo MAX 
- Vo M1Nl 


R,+ 
R, 


CONNECTION 
DIAGRAMS 


Top Views 


"' 
G"' 
NONINVE~NT~~$ 
NC 


lNV£RTING 
INPUT 
V' 


"' 
v- 


Am106/206/306 


MAXIMUM RATINGS 


Positive 
Supply 
Voltage 


Negative 
Supply 
Voltage 


Output 
Voltage 


Output 
to Negative 
Supply 
Voltage 


Differential 
Input 
Voltage 


Input Voltage 


Power 
Dissipation 
(Nole 1) 


Output 
Short 
Circuit 
Duration 


Operating 
Temperature 
Range 


Aml06 
Am206 
Am306 


Storage 
Temperature 
Range 


Lead Temperature 
(soldering, 
60 sec) 


15 V 


-15V 


24 V 


30 V 


±5V 


±7V 


-55°C 
to +125°C 
-25°C 
to +85°C 


OOCto +70oC 


-65°C 
to +150oC 


3000C 


Am306 
Min 
Typ 
Max 


Am106 
Am206 


Min 
Typ 
Max 


Input Offset Voitage 
Note 3 
1.6 
5.0 
0.5 
2.0 
mV 


Input Offset Current 
Note 3 
1.8 
5.0 
0.7 
3.0 
J.lA 


Input Bias Current 
16 
25 
10 
20 
J.lA 


Voltage 
Gain 
40 
40 
V/mV 


Response Time 
Note 4 
30 
40 
30 
40 
ns 


Saturation 
Voltage 
V'N:<:::-5 
mV, 
I,'ok= 100 mA 
0.8 
2.0 
1.0 
1.5 
V 


Output 
Leakage 
Current 
V'N::: 
5 mV, 8 V :<:::VOUT:<:::24 V 
0.02 
2.0 
0.02 
1.0 
J.lA 


The Following 
Specifications 
Apply 
Over The Operating 
Temperature 
Ranges 


Input Offset Voltage 
Note 3 
6.5 
3.0 
mV 


Average Temperature 
Coefficient 


TA(min) 
~ 
TA 
~ 
T A{max) 
5.0 
20 
3.0 
10 
J.lV/oC 
of Input Offset Voltage 


TA = TA(maxj 
0.6 
5.0 
0.25 
3.0 
J.lA 
Input Offset Current 
Note 3, 
TA = TA(min) 
2.4 
7.5 
1.8 
7.0 
J.lA 


Average Temperature 
Coefficient 
25°C 
:<:::TA :<:::TAim,,) 
15 
50 
5.0 
25 
nA/oC 


of Input Offset Current 
TAlmlo):<:::TA :<:::25°C 
24 
100 
15 
75 
nA/oC 


Input Bias Current 
40 
45 
J.lA 


Input Voltage 
Range 
- 7 V ::: V- ::: -12 
V 
±5.0 
±5.0 
V 


Differential 
Input Voltage 
Range 
±5.0 
±5.0 
V 


Saturation 
Voltage 
V'N:<:::-5 
mV, 
11ink = 50 mA 
1.0 
1.0 
V 


Saturation 
Voltage 
V'N :<:::-5 
mV, 
Isink:::; 
16 mA 
0.4 
0.4 
V 


Positive 
Output 
Level 
V'N::: 
5 mV, 
lOUT= 400 J.lA 
2.5 
5.5 
2.5 
5.5 
V 


Output Leakage 
Current 
V'N::: 
5 mV, 8 V :<:::VOUT:<:::24 V 
100 
100 
J.lA 


Strobe Current 
Vstrobe = 0.4 V 
1.7 
3.3 
1.7 
3.3 
mA 


Strobe ON Voltage 
0.9 
1.4 
0.9 
1.4 
V 


Strobe 
OFF Voltage 
Isink:::; 
16 mA 
1.4 
2.5 
1.4 
2.5 
V 


Positive 
Supply Current 
V'N = -5 
mV 
5.5 
10 
5.5 
10 
mA 


Negative 
Supply Current 
1.5 
3.6 
1.5 
3.6 
mA 


Note 
1: Derate 
metal 
can 
package 
at 
6.8 
mW/oC 
for 
operation 
at 
ambient 
temperatures 
above 
60°C; 
derate 
flat 
package 
at 
5.4 mW/oC 
for 
operation 
at 
ambient 
tempera- 
tures 
above 
40°C. 


Note 2: These 
specifications 
apply 
for 
-3V~V-;::: 
-12V, 
V+ = 12V 
and TA = 250C unless 
otherwise 
specified. 


Note 3: The 
offset 
voltages, 
offset 
currents, 
and 
bias 
currents 
given 
are 
the 
maximum 
values 
required 
to 
drive 
the 
output 
from 
the 
minimum 
output 
level 
up 
to 
the 
maxi· 
mum 
output 
level. 
Thus, 
these 
parameters 
actually 
define 
an error 
band 
and 
take 
into 
account 
the 
worst·case 
effects 
of 
voltage 
gain 
and 
input 
impedance. 
Note 
4: The 
response 
time 
specified 
(see 
definitions) 
is 
for 
a 100 
mV 
input 
step 
with 
5 mV 
overdrive. 
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~nn111/211/:311 


Distinctive 
Characteristics 


• 
The 
Am 111 /211/311 
are functionally, 
electrically, 
and 
pin-for-pin 
equivalent 
to 
the 
National 
LM 
111/211/311 
• 
Output 
Drive 
- 
50V 
and 
50mA 
• 
Input 
Bias Current 
- 
150nA 
max. 


• 
Input 
Offset 
Voltage 
- 
4mV 
max. 


• 
Differential 
Input 
Voltage 
Range 
- 
±30V 


FUNCTIONAL 
DESCRIPTION 


The 
Am111/211/311 
are voltage 
comparators 
featuring 
low 
input 
currents, 
high 
differential 
and common 
mode voltage 
ranges, 
wide 
supply 
voltage 
range, 
and 
outputs 
compatible 


with all bipolar 
and 
MOS circuitry. 
The inputs 
and outputs 
can be isolated 
from system 
ground, 
and the output 
can drive 


loads refered 
to ground 
or either supply. 
Strobing 
and offset 
balancing are available and the outputs 
can be wire ORed. 


CONNECTION 
DIAGRAM 
Top View 
Dual-In-Line 
Am111/211/311 


NC 


::M1TTER 
OUTPUT 


NON'I'IIVERTINGIINPUT 


INVERTING 
INPUT 


NC 
v- 


BALANCE 


NC 


COLLECTOR 
OUTPUT 


BALANCE/STROBE 


Pin 6 is connected 
to 
bottom 
of package. 
UC-082 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 
Number 
Type 
Range 
Number 


TO-99 
O°C to +70°C 
LM311H 


Am311 
Hermetic 
DIP 
O°C to +70°C 
LM311D 
Mini-DIP 
O°C to +70°C 
LM311N 
Dice 
O°C to +70°C 
LD311 


Am211 
TO-99 
_25°C 
to +85°C 
LM211H 
Hermetic 
0 IP 
_25°C 
to +85°C 
LM211D 


TO·99 
-55°C 
to +125°C 
LM111H 


Am111 
Hermetic 
DIP 
_55°C 
to +125°C 
LM111D 
Flat Pak 
-55°C 
to +125°C 
LM111F 
Dice 
_55°C 
to +125°C 
LD111 
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• 
100% reliability 
assurance testing 
in compliance 
with 
MI L-STD-883 
• 
Electrically 
tested and optically 
inspected 
die for 
as- 


semblers of hybrid 
products 
• 
Mixing 
privileges 
for 
obtaining 
price discounts. 
Refer 


to price list. 


• 
Available 
in 
Metal 
Can, 
Hermetic 
Dual-in-Line 
or 
hermetic 
Flat 
Packages 


COLLECTOR 


OUTPUT 


vc 


CONNECTION 
DIAGRAM 
Top View 
Flat Package 
Am111/211/311 


EMITTER 
OUTPUT 


NON·INVERTING, 
INPUT 


INVERTING 
INPUT 


CONNECTION 
DIAGRAM 
Top View 
Metal Can 
Am111/211/311 


• --4Arfl'n"'l1L1'f 
~ 


Am311 


Voltage from Emitter 
Output 
to V- 


Voltage between 
Inputs 


Voltage from Inputs to V- 


Voltage from Inputs to V+ 


Power Dissipation 
(Note 1) 


Output 
Short Circuit Duration 


Operating 
Temperature 
Range 


Am111 


Am211 


Am311 


Storage Temperature 
Range 


Lead Temperature 
(soldering, 
10 see) 


50V 


40V 


30V 


±30V 


+30V, -OV 


-30V 


500mW 


10 see 


_55°C 
to +125°C 


_25°C 
to +85°C 


O°C to +70°C 


-65°C 
to +150°C 


300°C 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C unless otherwise 
specified) 
(Note 2) 


Am311 
Min. 
Typ. 


Am111 
Am211 


Min. 
Typ. 


Input 
Offset 
Voltage 
(Note 3) 
2.0 
7.5 
0.7 
3.0 
mV 


Input Offset 
Current 
(Note 31 
6.0 
50.0 
4.0 
10.0 
nA 


Input 
Bias Current 
(Note 
3) 
100 
250 
60 
100 
nA 


Response 
Time 
(Note 
4) 
RL - 500n 
to+5 
V, VE - 0 
200 
200 
ns 


Supply 
Current 


Positive 
(Note 
5) 
3.9 
7.5 
3.9 
6.0 
mA 


Negative (Note 5) 
2.6 
5.0 
2.6 
4.5 
mA 


Voltage 
Gain 
200 
200 
Vim V 


VIN 
•• -5 
mV, 
IC = 50 mA 
0.75 
1.5 
Volts 
Saturation 
Voltage 
VIN 
•• -10 
mV, 
IC = 50 mA 
0.75 
1.5 
Volts 


VIN 
;;. +5 mV, 
Vc to VE = 50 V 
0.2 
10.0 
nA 
Output 
Leakage 
Current 
VIN;;' 
+10 mV, Vc to VE = 40 V 
0.2 
50.0 
nA 


The Following 
Specifications 
Apply 
Over The Operating 
Temperature 
Ranges 


Input 
Offset 
Voltage 
(Note 3) 
10.0 
4.0 
mV 


Input 
Offset 
Current 
(Note 3) 
70.0 
20.0 
nA 


Input Bias Current (Note 3) 
300 
150 
nA 


VIN 
•• -6 
mV, 
IC - 8 mA 
0.23 
0.40 
Volts 
Saturation 
Voltage 
VIN" 
-10 
mV, 
IC - 8 mA 
0.23 
0.40 
Volts 


Output 
Leakage 
Current 
VIN 
;;. +6 mV, 
Vc to VE = 50 V 
0.1 
0.5 
IJA 


Input 
Voltage Range 
±13 
±14 
±13 
±14 
Volts 


Supply 
Current 


Positive (Note 5) 
, 
2.7 
4.5 
mA 


Negative (Note 5) 
TA = 125°C 
1.8 
3.5 
mA 


Notes: 
1. For the Am 111/211/311. 
derate 
Metal Can package at"6.SmW/o C for oporation 
at ambien 
t temperatures 
above 75°C, the Dual 
r n-Line at 9mW/o C 


for 
operation 
at ambient 
temperatures 
above 
95°C, 
and 
the 
Flat 
Packages 
at 5.4rnWfC 
for 
operation 
at ambient 
temperatures 
above 
57°C. 


2. 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 
V+ 
'= 
+15V, 
V- 
'= -15V, 
VE 
= -15V, 
and 
RL 
at collector 
output 
= 7.5kn 
to +15V. 


3. 
The 
offset 
voltage, 
offset 
current 
and 
bias c.urrent 
given 
are the 
maximum 
values 
required 
to drive 
the 
collector 
output 
to within 
1 V of 
the 
supplies 


with 
a 7.5kn 
load. 
These 
parameters 
define 
an error 
band 
and take 
into 
account 
the 
worst 
case effects 
of 
voltage 
gain and 
input 
impedance. 


4. 
The 
response 
time 
specified 
(see definitions) 
is for 
a lQOmV 
input 
step with 
5mV 
overdrive. 


PERFORMANCE 
CURVES 
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L1e·08S 


Increasing Input 
Stage Current* 


Strobing 
OFF both 
Input and Output 
Stages** 


Am 119/219/319 
Dual Comparator 


Distinctive 
Characteristics 


• 
The 
Am119/219/319 
are 
functionally, 
electrically, 
and 
pin-for-pin 
equivalent 
to 
the 
National 
LM 119/ 


219/319. 


• 
Two 
independent 
comparators. 


• 
Operates 
from 
single 
5V 
supply. 


• 
Output 
drive 
- 
35V 
and 25mA. 
• 
Input 
bias current 
- 
1/JA max. (1.2/JA for Am319) 


• 
Response time 
80ns 
typical 
at ±15V. 


FUNCTIONAL 
DESCRIPTION 


The Aml19/219/319 
are dual high-speed voltage comparators 
designed to operate 
over a wide range of voltage supplies down 


to a single 5V supply and ground. 
They have higher gain and 


lower input 
bias currents 
than 
devices such as the pA710. 
The 
uncommitted 
collector 
of the 
output 
stage facilitates 
RTL, 


DTL and 
TTL 
interfacing, 
and 
driving 
lamps 
and relays at 


currents 
up to 
25mA. 
The·device 
is specified 
for operation 
from 
power supplies 
up to ±15V and features 
faster response 


than 
the 
Am111 
at the 
expense 
of higher power dissipation. 


The 
Am 119 
performance 
is specified 
over 
the 
temperature 
range _55°C 
to 
125°C, 
the 
Am219 
performance 
is specified 


over the temperature 
range _25° C to 85° C and the Am319 
performance 
is specified 
over 
the 
temperature 
range 
O°C 


to 70°C. 


CONNECTION 
DIAGRAM 
Top View 
Dual In-Line 


ORDERING 
INFORMATION 


Package 
Temperature 


Type 
Range 


TO-99 
O°C to +70°C 
DIP 
O°C to +70°C 


Molded DIP 
O°C to +70°C 
Dice 
O°C to +70°C 


TO-99 
_25°C 
to +85°C 


DIP 
_25°C 
to +85°C 
Flat Pak 
-25°C 
to +85°C 


LM319H 
LM319D 
LM319N 
LD319 


LM219H 
LM219D 
LM219F 


LM119H 
LMl19D 
LMl19F 
LDl19 


Order 
Number 


TO-99 


DIP 
Flat Pak 


Dice 


-55°C 
to +125°C 


_55°C 
to +125°C 


-55°C 
to +125°C 


-55°C 
to +125°C 


• 
Minimum 
fan out 
of 
2 each side. 


• 
Inputs and outputs 
isolated from 
system ground. 


• 
High common 
mode slew rate. 


• 
100% reliability 
assurance testing 
in compliance 
with 


M IL-STD-883. 


• 
Electrically 
tested 
and 
optically 
inspected 
die 
for fa 


assemblers 
of 
hybrid 
products. 


• 
Available 
in Metal Can, Hermetic 
Dual-I n-Line, 
Herme- 


tic 
Flatpack 
or Molded 
DIP packages. 


FUNCTIONAL 
DIAGRAM 


(One Comparator) 


COLLECTOR 
OUTPUT 


Vc 


V, 


GND 


(EMITTER 
OUTPUT) 


CONNECTION 
DIAGRAM 
Top View 
Flat Package 


CONNECTION 
DIAGRAM 


Top View 
Metal Can 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Voltage from V+ to V- 
Voltage from Collector 
Output 
to V- 
Voltage from Ground 
to V+ 
Voltage from Ground 
to V- 


Differential 
Input Voltage 
Input Voltage (Note 1) 
Power Dissipation 
(Note 2) 
Output 
Short Circuit Duration 


Operating 
Temperature 
Range 
Aml19 
Am219 
Am319 


Storage Temperature 
Range 
Lead Temperature 
(soldering, 
10 see) 


36V 
36V 
18V 
25V 
±5.0V 
±15V 


500mW 


10s 


-55°C 
to +125°C 
_25°C 
to +85°C 
O°C to +70°C 
-65°C 
to +150°C 
300°C 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C, Unless Otherwise 
Noted) 
(Note 3) 
Am319 
Parameters 
(Seedefinitions) 


Am119/219 


Min. 
Typ. 
Max. 
Input Offset Voltage (Note 4) 
RS •• 5 k 
2.0 
8.0 
0.7 
4.0 
mV 
Input Offset Current (Note 4) 
80 
200 
30 
75 
nA 


Input 
Bias Current 
250 
1000 
150 
500 
nA 


Response Time (Note 5) 
80 
80 
ns 


V+ = 5.0V, V 
=0 
4.3 
4.3 
Positive 
Supply Current 
VS=±15V 
8.0 
12.5 
8.0 
11.5 
mA 


Negative 
Vs = ±15V 
3.0 
5.0 
3.0 
4.5 


Voltage 
Gain 
8.0 
40 
10 
40 


Vin" 
-5.0mV, 
IC = 25mA 
0.75 
1.5 
Saturation 
Voltage· 
Volts 


Vin" 
-10mV, 
IC = 25mA 
0.75 
1.5 


Vin" 
+5.0mV, Vc to VE - 35V 
0.2 
2.0 
Output 
Leakage 
Current 
,.A 
Vin" 
+10mV, Vc to VE = 35V 
0.2 
10 


The Following 
Specifications 
Apply Over The Operating 
Temperature 
Ranges 


Input Offset Voltage (Note 41 
RS •• 5 k 
10 
7.0 
mV 
Input Offset Current (Note 4) 
300 
100 
nA 


Input 
Bias Current 
1200 
1000 
nA 


!TA;'O°C 
0.23 
0.4 


Saturation 
Voltage 
Vin •• -8.0mV, 
IC = 3.2mA I 
Volts 
TA ,;;;O°C 
0.6 


Vin" 
-12mV, 
IC- 3.2mA 
0.3 
0.4 


Output 
Leakage Current 
Vin" 
+8.0mV, Vc to VE = 35V 
1.0 
10 
,.A 


Vs = ±15V 
±13 
±13 
Input Voltage Range 
Volts 
V+= 5.0V, V- 
=0 
1.0 
3.0 
1.0 
3.0 


Notes: 
1. 
For 
supply 
voltages 
less than 
± 15V 
the 
absolute 
maximum 
rating 
is equal 
to the 
supply 
voltage. 


2. 
Derate 
Metal Can package 
at 6.8mW/C 
for operation 
at ambient 
temperatures 
above 7SoC. 
the Duat-In-Line 
at 9mW/oC 
for operation 
at tempera- 
tures 
above 
9SoC. 
and 
the 
Flat 
Package 
at 5.4mW/C 
for 
operation 
at temperatures 
above 
57°C. 


3. 
The 
offset 
voltage, 
offset 
current 
and 
bias current 
specifications 
apply 
for 
any 
supply 
voltage 
from 
a single 
5V 
supply 
up to ± 15V 
supplies. 


4. 
The 
offset 
voltages 
and 
offset 
currents 
given 
are 
the 
maximum 
values 
required 
to drive 
the 
output 
within 
1 volt 
of either 
supPly 
with 
a lmA 
load. 
Thus, 
these 
parameters 
define 
an error 
band 
and 
take 
into 
account 
the 
worst 
case effects 
of voltage 
gain 
and 
input 
impedance. 


5. 
The 
response 
time 
specified 
is for 
a 100mV 
input 
step 
with 
5mV 
overdrive. 


TYPICAL 
PERFORMANCE 
CURVES 


Input Currents 
Common 
Mode Limits 
Transfer 
Function 
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INPUTS { 


Am139/239/339 · Am139A/239A/339A 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 
Number 
Type 
Range 
Number 


Am339 
DIP 
DOCto 7DoC 
LM339D 


Molded 
DIP 
aoCt07DoC 
LM339N 
Dice 
DOCto 7DoC 
LD339 
+INPUT 


Am239 
DIP 
-25°C 
to +85°C 
LM239D 


-INPUT 


Am139 
DIP 
-55°C 
to +125°C 
LM139D 


Flat Pack 
-55°C 
to +125°C 
LM139F 


Dice 
-55°C 
to +125°C 
LD139 


Am339A 
DIP 
aoCt07DoC 
LM339AD 
Molded 
DIP 
aoc to 7DoC 
LM339AN 
Dice 
DOCto 7DoC 
LD339A 


Am239A 
DIP 
_25° C to +85° C 
LM239AD 


Am139A 
DIP 
-55°C 
to +125°C 
LM139AD 


Flat Pack 
-55°C 
to +125°C 
LM139AF 


Dice 
-55°C 
to +125°C 
LD139A 


Distinctive Characteristics 


• 
Four high precision 
comparators 
• 
Reduced vas 
drift 
over temperature 
• 
Eliminates 
need for dual supplies 
• 
Allows 
sensing near ground 
• 
Wide single supply voltage range or dual supplies 


2.0VDC 
to 36VDC 


±1.0VDC 
to ±18VDC 
• 
Very 
low supply 
current 
drain (0.8mA)-independent 


of supply 
voltage 
(1.0mW/comparator) 
makes these 


comparators 
suitable 
for battery 
operation. 


The 
Am139, 
Am239, 
Am339, 
Am339A, 
Am239A 
and 
Am339A 
quad 
comparators 
are functionally, 
electrically 
and 


pin-for-pin 
equivalent 
to the National 
LM 139, LM239, 
LM339, 
LM339A, 
LM239A 
and 
LM339A. 
This 
series 
of 
precision 


comparators 
consists of four 
independent 
voltage comparators 


which were specifically 
designed to operate from 
a single power 


supply 
over 
a 
wide 
range 
of 
voltages. 
Operation 
from 


split 
power 
supplies 
is also possible and the low power supply 


current 
drain 
is independent 
of the 
magnitude 
of the power 


supply 
voltage. These comparators 
have a unique characteristic 


• 
low 
input 
bias current - 35 nA 


• 
low 
input 
offset 
current - 
3.0 nA and offset 


voltage - 
2.0mV 


• 
Input 
common-mode 
voltage 
range includes 
ground 


• 
Differential 
input 
voltage 
range equal 
to 
the 
power 
supply 
voltage 
• 
low 
output 
saturation 
voltage 
m 
1.0mV at 5.0J1A 
60mV 
at 1.0mA 


• 
Output 
voltage 
compatible 
with 
TTl, 
DTl, 
ECl, 


MaS and CMOS logic systems 


in that 
the input 
common-mode 
voltage range includes ground 
even though 
operated from 
a single power supply 
voltage. 


Application 
areas include 
limit 
comparators, 
simple 
analog to 
digital converters; 
pulse, squarewave and time delay generators; 
wide 
range VCO; 
MOS clock 
timers; 
multivibrators 
and high 
voltage 
digital 
logic 
gates. The Am 139/A 
series was designed 
to directly 
interface with 
TTL 
and CMOS. When operated 
from 


both 
plus 
and 
minus 
power 
supplies, 
the Am139/A 
will 
di- 


rectly 
interface 
with 
MOS logic - 
where the lower power drain 
of 
the Am 139/A 
is a distinct 
advantage 
over standard 
com- 
parators. 


CONNECTION 
DIAGRAM 


Top View 


OUTPUT 2 
OUTPUT 3 


OUTPUT 
1 
OUTPUT 4 


v· 
GND 


INPUT 1- 
INPUT 4+ 


INPUT 1+ 
INPUT 4~ 


INPUT 2- 
INPUT 
3+ 


INPUT 2+ 
INPUT3- 


Am139/239/339· 
Am139A1239A1339A 


IIltJUl 
VVll(l~1[; 
-U.~ 
vDC 
lV T.,)U vDC 


Power Dissipation 
(Note 
1) 


Ceramic 
Dip 


Plastic Dip 
Flat Pack 


900 mW 
570 mW 
800 mW 


uperatlng 
I em perature 
Hange 
Am 339/A 
Am 239/A 
Am139/A 
Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
10 seconds) 


O"C to +70°C 


-25°C 
to +85°C 


-55°C 
to +125°C 


-65°C 
to +150°C 
300°C 


ELECTRICAL CHARACTERISTICS 
(v+ = +5.0VDcl 
(Note 4) 


Am239 
Am339 


Min. 
Typ. 
Max. 


Am139 


Min. 
Typ. 
Max. 


Am239A 
Am339A 


Min. 
Typ. 


Am139A 


Max. 
Min. 
Typ. 
Max. 


Input Offset Voltage 
T A'" +2SoC 
(Note 
9) 
±2.0 
±5.0 
±2.0 
±5.0 
±1.0 
12.0 
11.0 
±2.0 
mVOC 


Input Bias Current (Note 5) 
IIN(+) or IIN(_) 
with 
Output 
in 
25 
250 
25 
100 
25 
250 
25 
100 
nAOC 
Linear 
Range. 
T A"" 
+2SoC 


Input Offset Current 
IINI+)-IINI-1. 
TA· 
+25°C 
±5.0 
±50 
:1:3.0 
±25 
±5.0 
±50 
±3.0 
±25 
nAOC 


Input 
Common-Mode 
Voltage 
TA ""+2SoC 
0 
V+-l.5 
0 
V+-l.5 
0 
V+-1.5 
0 
V+-l.5 
VOC 
Range (Note 6) 


Supply 
Current 
RL "" 00 on all Comparators 
0.8 
2.0 
0.8 
2.0 
0.8 
2.0 
0.8 
2.0 
mAOe 
TA"'+2SoC 


RL;o. 15kn, T A = +2SoC. 


Voltage 
Gain 
V+ '" 15Vac 
(To Support 
200 
200 
50 
200 
50 
200 
V/mV 


Large Vo Swing) 


VIN 
= TTL 
Logic 
Swing. 
VREF 
= 


Large Signal Response 
Time 
+l.4VOC. 
VRL '" 5.0VOC. 
RL '" 
300 
300 
300 
300 
ns 


5.1kn 
and TA '" +2SoC 


Response 
Time 
(Note 
7) 
VAL'" 
5.0 VOC and RL = 5.1 kn 
1.3 
1.3 
1.3 
1.3 
"S 
TA'" 
+2SoC 


Output 
Sink Current 
VINI_) 
'" 
+1.0 
VOC. 
VIN{+) 
• O. 
6.0 
16 
6.0 
16 
6.0 
16 
6.0 
16 
mAoC 
and Vo" 
+1.5 VOC, T A'" 
+25°C 


Saturation 
Voltage 
VIN(-l 
;;;t.+1.0 VOC, VIN(+) 
= 0, 
250 
400 
250 
400 
250 
400 
250 
400 
mVOC 
and lsink "4.0 
mA, T A = +25°C 


Output 
Leakage Current 
VINI+)'" 
+1.0 
VOC. 
VINI_)' 
0 
0.1 
0.1 
0.1 
0.' 
nAOC 
and Vo = 5.0 VOC, T A 
C +25°C 


Input Offset Voltage 
(Note 9) 
9.0 
9.0 
4.0 
4.0 
mVOC 


Input Offset Current 
IINI+)- 
IINI 
) 
:!150 
±100 
1150 
±100 
nAOC 


Input Bias Current 
IIN(+) 
or IIN(-l 
with 
Output 
in 
400 
300 
400 
300 
nAOe 
Linear Range 


Input Common-Mode 
Voltage 
0 
V+-2.0 
0 
V+-2.0 
0 
V+-2.0 
0 
V+-2.0 
VOC 
Range 


Saturation 
Voltage 
VINI_)'" 
+1.0 
VOC. 
VINI+)' 
0 
700 
700 
700 
700 
mVOC 
and Isink 
or;;;; 4.0 mA 


Output 
Leakage Current 
VINI+)'" 
+1.0 
VOC. 
VINI_)' 
0 
1.0 
1.0 
1.0 
1.0 
,!JAOC 
and Vo = 30 VOC 


Oifferential 
Input Voltage 
Keep all VIN's;;;t. 0 VOC (or V- 
if 


36 
36 
V+ 
V+ 
VOC 
(Note 8) 
used) 


For 
high 
temperature 
operation, 
the 
Am339/A 
must 
be 
derated 
based 
on 
a +125°C 
maximum 
junction 
temperature 
and 
a thermal 
resistance 
of 
+175°C/W 
which 
applies 
for 
the 
device 
soldered 
in 
a printed 
circuit 
board, 
operating 
in a still 
air ambient. 
The 
Am239/A 
and 
Am139/A 
must 
be derated 
based 
on 
a +150 


0C 
maximum 
junction 
temperature. 
The 
low 
bias 
dissipation 
and 
the 
ON-OF 
F characteristic 
of 
the 
outputs 
keeps 
the 


chip 
dissipation 
very 
small 
(Pd 
::s;;;100 
mW), 
provided 
the 
output 
transistors 
are allowed 
to 
saturate. 


Short 
circuits 
from 
the 
output 
to 
V+ 
can cause excessive 
heating 
and 
eventual 
destruction. 
The 
maximum 
output 
current 
is approximately 
20 mA 


independent 
of 
the 
magnitude 
of 
V+. 


This 
input 
current 
will 
only 
exist 
when 
the 
voltage 
at 
any 
of 
the 
input 
leads 
is driven 
negative. 
It 
is due 
to 
the 
collector-base 
junction 
of 
the 


input 
PNP 
transistors 
becoming 
forward 
biased 
and thereby 
acting 
as input 
diode 
clamps. 
In addition 
to 
this 
diode 
action, 
there 
is also 
lateral 
NPN 


parasitic 
transistor 
action 
on 
the 
IC 
chip. 
This 
transistor 
action 
can 
cause 
the 
output 
VOltages 
of 
the 
comparators 
to 
go 
to 
the 
V+ 
voltage 
level 


(or 
to 
ground 
for 
a large 
overdrive) 
for 
the 
time 
duration 
that 
an 
input 
is driven 
negative. 
This 
is. not 
destructive 
and 
normal 
outputs 
states 
will 


re-establish 
when 
the 
input 
voltage, 
which 
was negative, 
again 
returns 
to 
a value 
greater 
than 
-0.3 
V DC, 


These 
specifications 
apply 
for 
V+ = +5.0 
VDC 
and 
_55°C 
OS;;; T A <; +125°C, 
unless 
otherwise 
stated. 
With 
the 
Am239/A 
all 
temperature 
specifica- 
tions 
are limited 
to 
_25° 
C " 
T A <; +85° C and 
the 
Am339/ 
A temperature 
specifications 
are limited 
to 
0° C .so; T A " 
+ 70° C. 


The 
direction 
of 
the 
input 
current 
is out 
of 
the 
IC due 
to 
the 
PNP 
input 
stage. 
This 
current 
is essentially 
constant, 
independent 
of the state 
of 


the 
output 
so no 
loading 
change 
exists 
on the 
reference 
or 
input 
lines. 


The 
input 
common-mode 
voltage 
or 
either 
input 
signal 
voltage 
should 
not 
be allowed 
to 
go 
negative 
by 
more 
than 
0.3V. 
The 
upper 
end of the 


common-mode 
VOltage 
range;$ 
V+-1.5 
V, but 
oithor 
or 
both 
inputs 
can go 
La +30 
Vac 
without 
damage. 
The 
response 
time 
specified 
is for 
a 
100mV 
input 
step 
with 
5.0mV 
overdrive. 
300ns 
can 
be 
achieved 
with 
larger 
overdrive 
signals, 
see typical 


performance 
characteristics 
section. 


If 
the 
voltage 
applied 
to 
any 
input 
exceeds 
V+, 
all 
four 
comparator 
outputs 
will 
go to the 
high 
voltage 
level. 
The 
low 
input 
voltage 
state 
must 
not 


be less than 
-0.3 
Vac 
(or 
0.3 
Vac 
below 
the 
magnitude 
of 
the 
negative 
power 
supply, 
if 
used>. 


At 
output 
switch 
point, 
VQ == 1.4VOC, 
RS = On with 
V+ 
from 
5.0 
Vac; 
and 
over 
the 
full 
input 
common 
mode 
range 
(0 VDC 
to 
V+ 
-1.5VOC>' 
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The Am139/A 
is a high gain, wide bandwidth 
device; which like 


most 
comparators, 
can easily oscillate 
if the 
output 
lead is in- 
advertently 
allowed 
to capacitively 
couple 
to the inputs via stray 


capacitance, 
The 
oscillation 
shows 
up only 
during 
the output 


voltage 
transition 
intervals 
as the 
comparator 
changes 
states. 
Power 
supply 
bypassing 
is not 
required 
to solve this 
problem. 
Standard 
PC board.layout 
is helpful as it reduces stray input-out- 


put coupling. 
Lowering 
the input resistors to <10kS'l 
reduces the 


feedback 
signal 
levels and finally, 
adding 
even a small amount 


(1 to 10 mVj of positive feedback 
(hysteresis) 
causes such a rapid 


transition 
that oscillations 
due to stray feedback 
are not possible. 


Simply socketing 
the 
I/C card attaching 
resistors 
to the pins will 


cause 
input-output 
oscillations 
during 
the 
small 
transition 
in- 
tervals 
unless 
hysteresis 
is used. 
If the 
input 
signal is a pu"lse 


waveform, 
with relatively 
fast rise and fall times, hysteresis 
is not 


required. 


All pins of any unused comparators 
should be grounded. 


The 
bias network 
of the 
Am139/A 
establishes 
a drain 
current 


wh ich is independent 
of the magnitude 
of the power supply volt- 
age over the range of from 2VOC to 30 VOC. 


It is not normally 
necessary 
to use a bypass capacitor 
across the 


power supply line. 
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The 
differential 
input 
voltage 
may 
be larger than 
V+ without 
damaging 
the device. 
Protection 
should 
be provided 
to prevent 


the 
input 
voltages 
from 
going 
negative 
more 
than 
-0.3VOC 


(at 25°C). 
An input clamp diode and input 
resistor 
can be used 


as shown in the applications 
section. 


The output 
of the Am139/A 
is the uncommitted 
collector 
of a 


grounded-emitter 
NPN output 
transistor. 
Several 
collectors 
can 


be tied together 
to provide an output 
OR'ing function. 
An output 


"pull-up" 
resistor 
can 
be connected 
to 
any 
available 
power 
supply voltage within the permitted 
supply voltage range and there 


is no restriction 
on this voltage due to the magnitude 
of the volt- 


age which 
is applied 
to the V+ terminal 
of the Am139/A 
pack- 


age. The 
output 
can 
also be used as a simple 
SPST switch 
to 


ground 
(when 
a "pull-up" 
resistor 
is not used). The amount 
of 


current 
which the output 
device can sink is limited 
by the drive 


available 
(which 
is independent 
of V+) and the Il of this device. 


When 
the 
maximum 
current 
limit 
is reached 
(approximately 


16 mAl. the output 
transistor 
will come out of saturation 
and the 


output 
voltage will rise very rapidly. The output 
saturation 
voltage 


is limited by the approximately 
60S'l rsat of the output 
transistor. 


The low offset 
voltage of the output 
transistor 
(1 mV) allows the 


output 
to 
clamp 
very 
nearly 
to 
ground 
level for 
small 
load 


currents. 


>Ye 


FREQUENCY 
CONTROL 
VOLTAGE 


INPUT 


v+ = 30VDC 


+250mV 
< Vc < +50VDC 


700H~ < fo < 100kHz 


TYPICAL 
APPLICATIONS 


(V+ ~ 5.0VDcl 


V:JlJ 


f"'" 100kHz 


Comparing 
Input Voltages 
of Opposite 
Polarity 


Non-Inverting 
Comparator 
with Hysteresis 


TYPICAL 
APPLICATIONS 
(Cont.) 


(v+ = 5.0VOC) 


V:TA 


"0" 
", .. 


:l 
l00pF 


'0 
o-j 


+V1N 


--l 
!--,om. 


~ 


+V'N 


1.0", ----I r--rc: 


40V 


80pFr 


TYPICAL APPLICATIONS (Cont.) 
(v+ = 15VDcl 


n 
n-v' 


6.~ 
~ 
La 


t,' 
t2 


• For large ratios 
of 
R1/R2. 
D1 can 
be omitted. 


Am685 


• 
6.5ns MAXIMUM 
PROPAGATION DELAY AT 5mV 


OVERDRIVE 


• 
3.0ns latch setup time 


• 
Complementary ECl outputs 


• 50n line driving capability 


The 
Am685 
is a fast 
voltage 
comparator 
manufactured 
with 
an 


advanced 
bipolar 
NPN, Schottky 
diode 
high·frequency 
process that 


makes 
possible 
very short 
propagation 
delays 
(6.5 ns) without 


sacrificing 
the excellent 
matching 
characteristics 
hitherto 
associated 


only 
with 
slow, 
high-performance 
linear 
Ie's. The circuit 
has differ- 


ential 
analog 
inputs 
and complementary 
logic 
outputs 
compatible 


with most 
forms 
of Eel. 
The output 
current 
capability 
is adequate 
for 
driving 
terminated 
50n transmission 
lines. The low input 
offset 


and 
high 
resolution 
make 
this 
comparator 
especially 
suitable 
for 


high-speed precision 
analog-ta-digital 
processing. 


A latch 
function 
is provided 
to allow 
the comparator 
to be used in a 


sample-hold 
mode. 
If the 
Latch 
Enable 
input 
is HIGH, 
the 
com- 


parator 
functions 
normally. 
When the Latch 
Enable is driven 
LOW, 


the comparator 
outputs 
are locked 
in their 
existing 
logical 
states. 
If the 
latch 
function 
is not 
used, the 
Latch 
Enable 
must 
be con· 
nected to ground. 


• 
100% reliability 
assurancetesting in compliance with 


M Il-STD-883 


• 
Electrically and optically inspecteddice for assemblers 
of hybrid products 


• 
Available 
in 
metal 
can and hermetic 
dual-in-line 
packages 


The 
outputs 
are 
open 
emitters, 
therefore 
external 
pull- 


down 
resistors 
are required. 
These resistors 
may 
be in 


the range of 50-200n 
connected 
to -2.0 
V. or 200- 


2000n connected to -5.2 V. 


GND#2 
GND#l 


0'0 


NDN·INV 


INPUT 


INV 
0, 
08 
R, 
R8 


INPUT 
240n 
240n 


0'3 
a,. 


R" 
'''' 
Q 
a 
OUTPUT 
OUTPUT 


V- 
L1C·119 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


Am685 
Metal Can 
-30°C 
to +85°C 
Am685HL 


DIP 
_30°C 
to +85°C 
Am685DL 


Am685 
Metal Can 
-55°C 
to +125°C 
Am685HM 


DIP 
-55°C 
to +125°C 
Am685DM 


Arn6B5 
Dice 
-30°C 
to +85°C 
Am685XL 


Dice 
_55°C 
to +125°C 
Am685XM 


CONNECTION 
DIAGRAMS 


Top Views 


NON 
INVERTING 
INPUT 


INVERTING 


INPUT 


Am685 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Positive Supply Voltage 
+7 V 
_O~p_e_r_a_ti_n~g_T_e_m_p_e_ra_t_u_r_e_R_a_n_g~e 
----3-0 


0"C-t-o-+-8-S--,o,,--C 


Negative Supply Voltage 
-7 V 
Am68S-L 


Input Voltage 
±4 V 
Am68S-M 
-SSoC 
to +12SoC 
Differential 
Input Voltage 
±6 V 
Storage Temperature 
Range 
-6SoC 
to +1S0°C 
Output 
Current 
30 mA 
Lead Temperature 
(Soldering, 
60 Sec.) 
300°C 


Power Dissipation 
(Note 2) 
SOOmW 
Minimum Operating 
Voltage (V+ to V-) 
9.7V 


ELECTRICAL 
CHARACTERISTICS 
OVER THE OPERATING 
TEMPERATURE 
RANGES (Unless Otherwise 
Specified) 


DC Characteristics 


Symbol 
Parameter 
(see definitions) 
Am685-L 
Min. 
Max. 


Am685-M 


Min. 
Max. 


R S" 
100 n, T A = 25'C 
-2.0 
+2.0 
-2.0 
+2.0 
mV 


VOS 
Input 
Offset 
Voltage 


RS"100n 
-2.5 
+2.5 
-3.0 
+3.0 
mV 


!'NOS/loT 


Average 
Temperature 
Coefficient 


RS"100n 
-10 
+10 
-10 
+10 
/-<V/'C 
of Input 
Offset 
Voltage 


TA=25'C 
-1.0 
+1.0 
-1.0 
+1.0 
I'A 


10S 
Input 
Offset 
Current 


-1.3 
+1.3 
-1.6 
+1.6 
I'A 


TA-25'C 
10 
10 
I'A 
'B 
Input 
Bias Current 


13 
16 
I'A 


RIN 
Input 
Resistance 
T A - 25'C 
6.0 
6.0 
kn 


CIN 
Input 
Capacitance 
T A - 25'C 
3.0 
3.0 
pF 


VCM 
Input 
Voltage 
Range 
-3.3 
+3.3 
-3.3 
+3.3 
V 


CMRR 
Common 
Mode 
Rejection 
Ratio 
RS ,,'100 
n, -3.3 
••• VCM •••+3.3 V 
80 
80 
dB 


SVRR 
Supply 
Voltage 
Rejection 
Ratio 
RS'" 
lOOn, 
!',vs = ±5% 
70 
70 
dB 


TA = 25'C 
-0.960 
-0.810 
-0.960 
-0.810 
V 


VOH 
Output 
HIGH 
Voltage 
TA = TA(min.l 
-1.060 
-0.890 
-1.100 
-0.920 
V 


TA ~TA(max.l 
-0.890 
-0.700 
-0.850 
-0.620 
V 


TA - 25'C 
-1.850 
-1.650 
-1.850 
-1.650 
V 


VOL 
Output 
LOW Voltage 
TA ~ TA(min.l 
-1.890 
-1.675 
-1.910 
-1.690 
V 


TA = TA(max.l 
-1.825 
-1.625 
-1.810 
-1.575 
V 


1+ 
Positive 
Supply 
Current 
22 
22 
mA 
, 
Negative 
Supply 
Current 
26 
26 
mA 


POISS 
Power 
Dissipation 
300 
300 
mW 


T A(min.l 
.•• T A'" 
25'C 
4.5 
6.5 
4.5 
6.5 
ns 
tpd+ 
Input 
to Output 
HIGH 
TA ~TA(max.l 
5.0 
9.5 
5.5 
12 
ns 


T A(min.l 
•••TA'" 
25'C 
4.5 
6.5 
4.5 
6.5 
ns 


tpd_ 
Input 
to Output 
LOW 
T A ~ T A(max.) 
5.0 
9.5 
5.5 
12 
ns 


Latch 
Enable to Output 
HIGH 
T A(min.) 
" 
T A'" 
25'C 
4.5 
6.5 
4.5 
6.5 
ns 
tpd+(E) 


(Note 4) 
TA =TA(max.l 
5.0 
9.b 
5.5 
12 
ns 


Latch 
Enable to Output 
LOW 
T A(min.l 
" 
T A'" 
25 C 
4.5 
6.5 
4.5 
6.5 
ns 
tpd_(E) 
(Note 4) 
T A = T A(max.) 
5.0 
9.5 
5.5 
12 
ns 


T A(min.) 
.•• T A'" 
25°C 
3,0 
3.0 
ns 
ts 
Minimum 
Set-up Time 
(Note 4) 


TA =TA(max.l 
4.0 
6.0 
ns 


th 
'Minimum 
Hold Time 
(Note 4) 
T A(min) 
.••T A'" 
T A(max.) 
1.0 
1.0 
ns 


Minimum 
Latch 
Enable 
Pulse Width 
T A(min.) 
•••T A'" 
25'C 
3.0 
3.0 
ns 
tpw(EI 
(Note 4) 
TA = TA(max.l 
4.0 
5.0 
ns 


NOTES: 
2: 
For 
the 
metal 
can 
package, 
derate 
at 
6.8 
mWt'C 
for 
operation 
at ambient 
temperatures 
above 
+100°C; 
for 
the dual-in-line 
package, 
derate 
at 


9 rnWjOC for opor.tion 
8t 81'Tlbienttornperatur8~ 
above +105° 
C. 


3: 
Unless 
otherwise 
specified 
V+ = 6.0V, 
V- = -5.2V, 
VT = 
-2.0V, 
and 
A L "" son; all 
switching 
characteristics 
are for 
a 100 
mV 
input 
step 
with 


5 
mV 
overdrive. 
The 
specifications 
given 
for 
Vas' 
'as, 'e, 
CMRR, 
SVRR, 
tpd+ 
and 
tpd_ 
apply 
over 
the 
full 
VCM 
range 
and for 
±5% 
supply 
voltages. 
The 
Am685 
is designed 
to 
meet 
the 
specifications 
given 
in the 
table 
after 
thermal 
equilibrium 
has been established 
with 
a transverse 


air flow 
of 500 
LFPM 
or greater. 


4: 
Owing 
to 
the 
difficult 
and 
critical 
nature 
of 
switching 
measurements 
involving 
the 
latch, 
these 
parameters 
can 
not 
be tested 
in production. 


Engineering 
data 
indicates 
that 
at least 95% 
of the 
units 
will 
meet 
the 
specifications 
given. 


-- 


MAY 
CHANGE 
WILL 
BE 


CHANGING 
FROMHTOl 
FRQMHTOL 


JJJJJJ 


MAY 
CHANGE 
WILL 
BE m 
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Figure 1 


The set-up and hold times are a measure of the time required 
for an input 
signal 
to 
propagate 
through 
the 
first 
stage 
of the 
comparator 
to reach 
the 
latching 
circuitry. 
Input 
signal changes occurring 
before ts will 
be detected 
and 
held; 
those 
occurring 
after 
th will 
not 
be detected. 
Changes 
between 


t5 and 
th mayor 
may 
not 
be detected. 


Vos 
INPUT 
OFFSET 
VOLTAGE 
- 
That 
voltage 
which 
must 
be 
applied 
between 
the two 
input 
terminals 
through 
two 
equal 


resistances to obtain zero voltage between the two outputs. 


t:NOS/6T 
AVERAGE 
TEMPERATURE 
COEFFICIENT 
OF INPUT 
OFF- 
SET 
VOLTAGE 
- 
The 
ratio 
of 
the 
change in 
input 
offset 


voltage over the operating 
temperature 
range to the temperature 


range. 


10S 
INPUT 
OFFSET 
CURRENT 
- 
The 
difference 
between 
the 
currents 
into 
the two 
input 
terminals 
when there is zero voltage 
between the two outputs. 


IB 
INPUT 
BIAS CURRENT 
- The average of the two input currents. 


RIN 
INPUT 
RESISTANCE 
- 
The resistance looking 
into either input 
terminal 
with 
the other grounded. 


CIN 
INPUT 
CAPACITANCE 
- 
The capacitance 
looking 
into 
either 


input 
terminal 
with 
the other grounded. 


INPUT 
VOLTAGE 
RANGE 
- 
The 
range of 
voltages 
on 
the 
input 
terminals 
for 
which 
the 
offset 
and 
propagation 
delay 


specifications 
apply. 


COMMON 
MODE 
REJECTION 
RATIO 
- 
The ratio of the input 


voltage range to the peak-to·peak 
change in input 
offset voltage 


over this range. 


SUPPLY 
VOLTAGE 
REJECTION 
RATIO 
- 
The 
ratio 
of the 


change 
in 
input 
offset 
voltage to 
the change in power 
supply 


voltages producing 
it. 


OUTPUT 
HIGH 
VOLTAGE 
- 
The 
logic 
HIGH 
output 
voltage 


with an external 
pull-down 
resistor returned 
to a negative supply. 


OUTPUT 
LOW 
VOLTAGE 
- 
The 
logic 
LOW output 
voltage 


with an external 
pull·down 
resistor returned 
to a negative 
supply. 


POSITIVE 
SUPPL Y CURRENT 
- The current 
required 
from the 
positive supply to operate the comparator. 


NEGATIVE 
SUPPLY 
CURRENT 
- 
The current 
required 
from 


the negative supply to operate the comparator. 


SWITCHING 
TERMS 
(refer 
to 
Fig. 
1) 


tpd+ 
INPUT 
TO OUTPUT 
HIGH 
DELAY 
- 
The 
propagation 
delay 


measured from 
the time the input 
signal crosses the input 
offset 
voltage to the 50% point 
of an output 
LOW to HIGH transition. 


INPUT 
TO ,OUTPUT 
LOW DELAY 
- 
The 
propagation 
delay 


measured from 
the time 
the input 
signal crosses the input 
offset 
voltage to the 50% point 
of an output 
HIGH to LOW transition. 


LATCH 
ENABLE 
TO OUTPUT 
HIGH 
DELAY 
- 
The propaga- 


tion 
delay 
measured from 
the 
50% point 
of the 
Latch 
Enable 
signal 
LOW to 
HIGH 
transition 
to the 50% point 
of an output 


LOW to HIGH 
transition. 


LATCH 
ENABLE 
TO OUTPUT 
LOW DELAY 
- 
The propaga- 
tion 
delay 
measured from 
the 
50% point 
o~ the 
Latch 
Enable 
signal LOW to 
HIGH 
transition 
to the 50% point 
of an output 


HIGH to LOW transition. 


MINIMUM 
SET-UP 
TIME 
- 
The 
minimum 
time 
before 
the 


negative 
transition 
of 
the 
Latch 
Enable 
signal 
that 
an input 
signal change must be present in order 
to be acquired 
and held 
at the outputs. 


MINIMUM 
HOLD 
TIME 
- 
The minimum 
time after the negative 


transition 
of the Latch 
Enable signal that 
the input 
signal must 


remain unchanged in order to be acquired and held at the outputs. 


MINIMUM 
LATCH 
ENABLE 
PULSE WIDTH 
- 
The minimum 


time 
that 
the 
Latch 
EnFible signal must 
be HIGH 
in order 
to 


acquire and hold an input signal change. 


TA 
Ambient 
temperature 


RS 
Input 
source resistance 


Vs 
Supply voltages 


V+ 
Positive supply voltage 


V- 
Negative supply voltage 


VT 
Output 
load terminating 
voltage 


R L 
Output 
load resistance 


V.in Input 
pulse amplitude 


Vod Input 
overdrive 


f 
Frequency 


MEASUREMENT 
OF PROPAGATION 
DELAY 


A voltage comparator 
must be able to respond to input 
signal levels ranging from a few millivolts 
to several volts, ideally with little 
variation 
in propagation 
delay. The most difficult 
condition 
is where the comparator 
has been driven hard into one state by a large signal, 
and the next input signal is just barely enough to make it switch to the other state. This forces the input stage of the circuit to swing 
from 
a full 
off 
(or on) 
state to 
a point 
somewhere 
near the 
center 
of its linear 
range, thus exercising 
both its large- and small-signal 


responses. If the 
comparator 
is fast for 
this 
condition, 
it should 
be as fast or faster 
for 
almost 
any other 
condition. 
The unofficial 


industry 
standard 
input 
signal is a 100mV 
step with 
an overdrive 
of 5mV 
(the overdrive 
is the voltage in excess of that needed to bring 


the output 
to the center of its dynamic 
range):The 
100mV is more than enough to fully 
turn 
on too input 
stage, but not so large to make 
measurement 
a problem. 
large 
pulses would 
require 
exceptionally 
good 
control 
on waveform 
purity, 
since only 
a few 
tenths 
of 
a 
percent 
of 
overshoot 
or 
ripple 
would 
be enough 
to 
affect 
the 
value of 
the 
overdrive 
and, 
for 
sensitive 
comparators, 
result 
in false 
switching. 
The propagation 
delay is measured from 
the time 
the input 
signal crosses the input 
threshold 
voltage 
O.e., the offset 
voltage) 
to 
the 
50% point 
of 
either 
output. 
This 
definition 
ensures that 
each unit 
is measured 
under 
equal 
conditions, 
and also makes the 
measurement 
relatively 
independent 
of the input 
rise and fall times. 


@ 
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The test circuit 
of Figure 2 provides 
a means of automatically 
nulling 
out the offset 
voltage and applying 
the overdrive. 
With 51 in the 
"NUll" 
position, 
the feedback 
loop around the Am685 
via the two operational 
amplifiers 
corrects for the offset 
of the circuit 
including 
any dc shift 
in the ground 
level of the input 
signal. When switched 
to "TEST", 
the offset 
is held on the storage capacitor 
of the Am216A 
and the overdrive 
is added at the Am216A 
non·inverting 
input. 
The duty 
cycle of the signal is made low so that the presence of the input 
pulse during 
nulling 
will 
not disturb 
the offset. 
A solid 
ground 
plane is used for the test jig, and capacitors 
bypass the supply 
voltages. 
All 
power 
and signal leads are kept as short 
as possible. The Am685 
input and output 
run directly 
into the 50n 
inputs 
of the sampling 
scope via equal lengths of 50n 
coaxial 
cable. For the conditions 
shown 
in the figure, tpd+ 
is measured at the Q output 
and tpd_ at the 


Q output. 
If it 
is desired 
to measure the opposite 
output 
polarities, 
the polarities 
of the input 
signal and overdrive 
must be reversed. 


To achieve the high speed of the Am685, 
a certain 
amount 
of power 
must be dissipated 
as heat. This increases the temperature 
of the 
die relative to the ambient 
temperature. 
In order to be compatible 
with 
ECl 
II J and ECl 
10,000, which 
normally 
use air flow 
as a means 
of 
package cooling, 
the 
Am685 
characteristics 
are specified 
when 
the device has an air flow 
across the package of 500 
linear feet per 
minute 
or greater. Thus, even though 
different 
ECl 
circuits 
on a printed 
circuit 
board may have different 
power dissipations, 
all will 
have 
the same input 
and output 
levels, etc., provided 
each sees the same air flow and air temperature. 
This eases design, since the only 
change 
in characteristics 
between 
devices is due to the increase in ambient 
temperature 
of the air passing over the devices. If the Am685 
is oper- 


ated without 
air flow, 
the change in electrical 
characteristics 
due to the increased die temperature 
must be taken into account. 


All 
high-speed 
Eel 
circuits 
require 
that 
special 
precautions 
be taken 
for 
optimum 
system 
performance. 
The 
Am685 
is par'ticularly 
critical 
because it features 
very high gain (BOdB) at very 
high frequencies 
(100MHz). 
A ground plane must be provided 
for a good, low 
inductance, 
ground 
current 
returl;l path. The impedance 
at the inputs 
should 
~ 
as low as possible and lead lengths as short as practical. 


It is preferable 
to solder the device directly 
to the printed 
circuit 
board instead of using a socket. Open wiring 
on the outputs 
should 
be 
limited 
to less than one inch, 
since severe ringing 
occurs beyond this length. 
For longer lengths, the printed-circuit 
interconnections 
be· 
come mic •... 
ostrip 
t"ansmission 
lines when backed up by a ground 
plane, with 
a characteristic 
impedance 
of 50 to 1SOn. Reflections 
will 
occur 
unless the 
line 
is terminated 
in its characteristic 
impedance. 
The 
termination 
resistors 
normally 
go to 
-2.0V, 
but 
a Thevenin 
equivalent 
to V- 
can be used at some increase in power. 
Best results are usually obtained 
with 
the terminating 
resistor at the end of the 
driven 
line. The lower 
impedance 
lines are more suitable 
for driving 
capacitive 
loads. The supply 
voltages should 
be well decoupled 
with 
RF capacitors 
connected 
to the g,.ound plane as close to the device supply 
pins as possible. 


PERFORMANCE 
CURVES 


(Unless otherwise 
specified, 
standard 
conditions 
for all curves are TA = 2SoC, V+ = 6.0V, 
V- = -5.2V, 


VT ~ -2.0V, 
RL ~ 50n, 
and switching 
characteristics 
are for Vin 
~ 100mV, 
Vod ~ 5mV.l 


Response 
Response 
Response 


for Various 
for Various 
for Various 


Input 
Overdrives 
Input 
Overdrives 
Input 
Signal 
Levels 


v 
.20~V 
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TYPICAL 
APPLICATIONS 


(T A = 25°C) 


Metallization 
and Pad Layout 


32 x 54 Mils 
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Am686 


Voltage Comparator 


Distinctive Characteristics 
• 
12ns MAXIMUM 
PROPAGATION DELAY AT 5mV 


OVERDRIVE 
• 
Complementary Schottky TTL outputs 
• 
Fanout of 5 
• 
100% reliability 
assurancetesting in compliance with 


MIL-STD-883 


• 
Electrically and optically inspected dice for assemblers 
of hybrid products. 


• 
Available 
in 
metal 
can and 
hermetic 
dual-in-Iine 


packages. 


The 
Am686 
is a fast 
voltage 
comparator 
manufactured 
with 
an 


advanced 
bipolar 
NPN. Schottky 
diode high-frequency 
process that 


makes 
possible 
very 
short 
propagation 
delays 
without 
sacrificing 


the excellent 
matching 
characteristics 
hitherto 
associated 
only with 


slow, high-performance 
linear 
IC's. The circuit 
has differential 
analog 


inputs 
and complementary 
logic outputs 
compatible 
with 
Schottky 
TTL. 
The 
output 
current 
capability 
is adequate for 
driving 
5 


standard Schottky 
inputs. The low input 
offset and high resolution 


make 
this 
comparator 
especially 
suitable 
for 
high-speed 
precision 


analog-ta-digital 
processing. 


A latch 
function 
is provided 
to allow the comparator 
to be used in a 


sample-hold 
mode. 
If the 
Latch 
Enable 
input 
is LOW, the com- 


parator 
functions 
normally. 
When the Latch 
Enable is driven 
HIGH, 


the 
comparator 
outputs 
are locked 
in their 
existing 
logical 
states. 
If the latch 
function 
is not used, the Latch 
Enable may be left open 


or connected 
to ground. 
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ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


Am686 
Metal Can 
O°C to 70°C 
Am686HC 


DIP 
O°C to 70°C 
Am686DC 


Am686 
Metal Can 
_55°C 
to +125°C 
Am686HM 


DIP 
_55°C 
to +125°C 
Am686DM 


Am686 
Dice 
O°C to 70°C 
Am686XC 
Dice 
_55°C 
to +125°C 
Am686XM 


CONNECTION 
DIAGRAMS 


Top Views 


NON-INve~~~~~ 


lNVERTING 
INPUT 


Negative Supply Yoltage 
Input Yoltage 
Differential 
Input Yoltage 
Power Dissipation 
(Note 2) 
Lead Temperature 
(Soldering, 
60 sec.) 


Storage Temperature 
Range 


±4Y 


±6Y 


600mW 


300°C 


_65°C 
to +150°C 


Am686-M 
_55°C 
to +125°C 


Operating 
Supply Yoltage 
Range 


Am686-C 
y+ = +5.0Y 
±5%, Y- 
= -6.0Y 
±5% 


Am686-M 
y+ = +5.0Y 
±10%, Y- 
= -6.0Y-± 
10% 


Minimum Operating 
Yoltage 
(y+ to V-I 
9.7Y 


ELECTRICAL 
CHARACTERISTICS 
OVER THE OPERATING 
TEMPERATURE 
RANGES (Unless Otherwise 
Specified) 
DC Characteristics 


Symbol 
Parameter 
Conditions 
(Note 3) 
Am686-C 
Am686-M 
Units 


RS" 
lOon, 
T A ~ 25°C 
3.0 
2.0 
mV MAX. 


VOS 
Input 
Offset 
Voltage 


Rs" 
lOOn 
3.5 
3.0 
mV MAX. 


I1VOS/I1T 
Average Temperature 
Coefficient 
Rs" 
lOOn 
10 
10 
/-Lvtc 
MAX. 


of Input 
Offset 
Voltage 


25°C 
•• T A" 
T A (max.) 
1.0 
1.0 
/-LAMAX. 


10S 
Input 
Offset 
Current 


TA = TA 
(min.l 
1.3 
1.6 
/-LAMAX. 


25°C 
•• T A" 
T A (max.) 
10 
10 
/-LAMAX. 


IB 
Input 
Bias Current 
T A = T A (min.) 
13 
16 
/-LA MAX. 


VCM 
Input 
Voltage 
Range 
+2.7, 
-3.3 
+2.7, 
-3.3 
VMIN. 


CMRR 
Common 
Mode Rejection 
Ratio 
RS" 
lOOn, -3.3V" 
VCM 
•• +2.7V 
80 
80 
dB MIN. 


SVRR 
Supply 
Voltage 
Rejection 
Ratio 
RS" 
lOOn 
70 
70 
dB MIN. 


VOH 
Output 
HIGH 
voltage 
IL ~ -1.0mA, 
Vs ~ Vs 
(min.) 
2.7 
2.5 
VMIN. 


VOL 
Output 
LOW Voltage 
IL ~ 10mA, 
Vs = Vs 
(max.) 
0.5 
0.5 
VMAX. 


1+ 
Positive 
Supply 
Current 
42 
40 
mA MAX. 


I 
Negative Supply 
Current 
34 
32 
mA MAX. 


PDISS 
Power Dissipation 
415 
400 
mWMAX. 


Propagation 
Delay. 
T A (min.l 
•• T A" 
25°C 
12 
12 
ns MAX. 


tpd+ 
Input 
to Output 
HIGH 
TA = TA 
(max.l 
15 
15 
ns MAX. 


Propagation 
Delay, 
T A (min.) 
•• T A" 
25°C 
12 
12 
ns MAX. 
tpd- 
Input 
to Output 
LOW 
TA = TA 
(max.) 
15 
15 
ns MAX. 


I1tpd 


Difference 
in Propagation 
Delay 
TA = 25°C 
2.0 
2.0 
ns MAX. 
between Outputs 


Notes: 
2. For 
the 
metal 
can 
package, 
derate 
at 6.8rnWlC 
for 
operation 
at ambient 
temperatures 
above 
+95°C; 
fOI 
the 
dual-in-line 
package, 
derate 
at 


9mW/oC 
for 
operation 
at ambient 
temperatures 
above 
115°C. 


3. 
Unless 
otherwise 
specified, 
V+ 
== +5.0V, 
V- 
== -6.0V 
and 
the 
Latch 
Enable 
input 
is at 
VOL. 
The 
switching 
characteristics 
are 
for 
a.100mV 


input 
step with 
5.0mV 
overdrive. 


4. 
The 
outputs 
of 
the 
Am686 
are unstable 
when 
biased 
into 
their 
linear 
range. 
In order 
to prevent 
oscillation, 
the 
rate-of·change 
of 
the 
input 
signal 


as it 
passes through 
the 
threshold 
of the compa"ator 
must 
be at least 
1V/p.s. 
For 
slower 
input 
signals, 
a small 
amount 
of external 
positive 
feedback 


may 
be applied 
around 
the comparator 
to give a few 
millivolts 
of hysteresis. 


Propagation 
Delays as a 
Function 
of Input Overdrive 
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Am687·Am687A 


Distinctive Characteristics 


• 
8.0ns MAXIMUM 
PROPAGATION DELAY AT 5mV 


OVERDRIVE 


• 
Complementary 
ECl 
outputs 
• son line driving capability 


The Am687 and Am687A are fast dual voltage comparators 
con- 


structed 
on a single silicon 
chip 
with 
an advanced 
high-frequency 
process. 
The 
circuits 
feature 
very short 
propagation 
delays as well 


as excellent 
matching 
characteristics. 
Each 
comparator 
has differ- 
ential 
analog 
inputs 
and complementary 
logic outputs 
compatible- 
with most forms 
of Eel. 
The output 
current 
capability 
is adequate 
for 
drivin{} 
terminated 
50n transmission 
lines. The low input 
offsets 
and 
short 
delays 
make 
these 
comparators 
especially 
suitable 
for 


high-speed 
precision 
analog-ta-digital 
processing. 


The comparators 
are similar 
to the Am685 
high-speed comparator 


but 
have 
been 
designed 
to 
operate 
from 
a 5V 
positive 
supply 
(instead of 6V). 
dissipating 
less power 
than two Am685's. 
Separate 
latch 
functions 
are provided 
to allow 
each comparator 
to be inde- 
pendently 
used in a sample-hold 
mode. 
The 
Latch 
Enable 
inputs 
are intended 
to 
be driven 
from 
the complementary 
outputs 
of 
a 


standard 
ECL gate. 
If LE is HIGH and LE is LOW, the comparator 


functions 
normally. 
When LE is driven 
LOW and LE is driven HIGH, 
the comparator 
outputs 
are locked 
in their existing 
logical states. If 
the 
latch 
function 
is not 
used, LE must 
be connected 
to ground. 


• 
100% reliability 
assurance 
testing 
in compliance 
with 


MIl-STD-883. 


• 
Electrically 
and optically 
inspected 
dice for assemblers 


of hybrid 
products. 


• 
Available 
in the hermetic 
dual-in-line 
package. 


The outputs 
are open emitters; 
therefore 
external 
pull-down 
resistors 


are 
required. 
These 
resistors 
may 
be in 
the 
range of 
50-200n 


connected 
to -2.0V, or 200-2000n. connected 
to -5.2V. 


NON·INVERTING 


INPUT 


INVERTING 
INPUT 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


Am687A 
DIP 
_30°C 
to +85°C 
AM687ADL 


Am687A 
DIP 
_55°C 
to +125°C 
AM687ADM 
Am687 
DIP 
_30°C 
to +85°C 
AM687DL 


Am687 
DIP 
_55°C 
to +125°C 
AM687DM 


Am687 
Dice 
_30°C 
to +85°C 
AM687XL 


'Am687 
Dice 
_55°C 
to +125°C 
AM687XM 


METALLIZATION 
AND 
PAD 
LAYOUT 
CONNECTION 
DIAGRAM 
Top View 


a 
a 


a 
a 
OUTPUT 
OUTPUT 


OUTPUT 
OUTPUT 
li 
li 
li 
li 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


OND 
OND 
OND 
OND 


LE 
LE 


LE 
LE 
LE 
i:E 


i:E 
i:E 


V- 
V· 
V· 


'NV 
INV. 


INPUT 
INPUT 
'NV 
'NV 


NON·1NV 
NON 
INV. 
INPUT 
INPUT 
INPUT 
INPUT 
NON 
INV. 
NON 
INV. 


INPUT 
INPUT 


Positive Supply 
Voltage 
Negative Supply Voltage 
Input Voltage 
Differential 
Input Voltage 
Output 
Current 


Power Dissipation 
(Note 2) 


+7V 
-7V 


±4 V 


±6V 


30mA 


600mW 


Operatin~ 
Temperature 
Range 


Am687-L, 
Am687A-L 
Am687-M, 
Am687A-M 
Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
60 Sec.) 


Minimum Operating 
Voltage (V+ to V-I 


_30°C 
to +85°C 


_55°C 
to +125°C 


_65°C 
to +150°C 
300°C 


9.7V 


DC Characteristics 
Symbol 


ELECTRICAL 
CHARACTERISTICS 
OVER THE OPERATING 
TEMPERATURE 
RANGES (Unless otherwise 
specified) 


Am687A-L 
Am687A-M 


Am687-L 
Am687-M 


Min. 
Max. 
Min. 
Max_ 


RS <; 100 n, T A = 25°C 
-3.0 
+3.0 
-2.0 
+2.0 
mV 


VOS 
Input Offset 
Voltage 


Rs <; 100 n 
-3.5 
+3.5 
-3.0 
+3.0 
mV 


tNos/f:,T 
Average Temperature 
Coefficient 
Rs" 
tOOn 
-10 
+10 
-10 
+10 
J.lvtc 
of Input 
Offset 
Voltage 


25°C •• T A •• T Almax.l 
-1.0 
+1.0 
-1.0 
+1.0 
J.lA 
10S 
Input 
Offset 
Current 


TA 
=TAlmin.l 
-1.3 
+1.3 
-1.6 
+1.6 
J.lA 


25°C •• T A •• T Almax.) 
10 
10 
J.lA 


IB 
Input Bias Current 


TA = TAlmin.l 
13 
16 
J.lA 


VCM 
Input 
Voltage 
Range 
-3.3 
+2.7 
-3.3 
+2.7 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
Rs •• 100 n, 
-3.3" 
VCM 
•• +2.7 V 
80 
80 
dB 


SVRR 
Supply 
Voltage 
Rejection 
Ratio 
RS" 
tOon, 
tJ.Vs = ±5% 
70 
70 
dB 


TA = 25°C 
-0.960 
-0.810 
-0.960 
-0.810 
V 


VOH 
Output 
HIGH 
Voltage 
TA =TA(min.l 
-1.060 
-0.890 
-1.100 
-0.920 
V 


TA =TAlmax.l 
-0.890 
-0.700 
-0.850 
-0620 
V 


TA=25°C 
-1.850 
-1.650 
-1.850 
-1.650 
V 


VOL 
Output 
LOW Voltage 
T A = T A(min.) 
-1.890 
-1.675 
-1.910 
-1.690 
V 


TA = TAlmax.l 
-1.825 
-1.625 
-1.810 
-1.575 
V 


1+ 
Positive Supply Current 
35 
32 
mA 


1- 
Negative Supply 
Current 
48 
44 
mA 


PD1SS 
Power Dissipation 
485 
450 
mW 


T A(min.l 
•• T A" 
25°C 
8.0 
8.0 
ns 


tpd+. 
tpd_ 
Propagation 
Delay, 
Am687 A 


TA = TAlmax.l 
10 
12.5 
ns 


T Almin.l 
"T 
A •• 25°C 
10 
10 
ns 


tpd+, 
tpd_ 
Propagation 
Delay, 
Am687 
T A = T Almax.) 
14 
20 
ns 


ts 
Minimum 
Latch Set-up Time 
TA=25°C 
4.0 
4.0 
ns 


Notes: 
2. Derate 
at 9mW/o C for operation 
at ambient 
temperatures 
above 
+ 11 5° C. 
3. 
Unless 
otherwise 
specified 
V+ 
= +5.0V. 
V- 
= -5.2V. 
VT = -2.0V. 
and 
RL 
= son; 
all 
switching 
characteristics 
are 
for 
a 100mV 
input 
step with 


5mV 
overdrive. 
The 
specifications 
given 
for 
Vas. 
los, 
'S' 
CMRR. 
SVRR, 
tpd+ 
and 
tpd_ 
apply 
over 
the 
full 
VCM 
range and 
for 
±5% supply 
voltages. 


The 
Am687 
and Am687A 
are designed 
to 
meet 
the 
specifications 
given 
in the 
table 
after 
thermal 
equilibrium 
has been 
established 
with 
a 
trans- 


verse air tlow 
of 
500 
LFPM 
or greater. 


Propagation 
Delays as a 


Function 
of Input Overdrive 
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Propagation 
Delays as a 
Function 
of Temperature 
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Output 
Rise and Fall Times 


as a Function 
of Temperature 


Am1500 


• 
The Am1500 
is functionally, 
electrically, 
and pin-for- 
pin equivalent 
to the National 
LH2111 
• 
The 
Am1500 
is a dual 
111, 
but 
requires 
25% less 


power than two 
111 comparators 
• 
Output 
Drive - 
50V and 50mA 
• 
Input 
Bias Current 
- 
150nA 
max. 


The 
Am1500 
is a voltage 
comparator 
featuring 
low 
input 


currents, 
high differential 
and common 
mode voltage 
ranges, 
wide 
supply 
voltage 
range, and outputs 
compatible 
with 
all 


bipolar 
and 
MOS 
circuitry. 
The 
inputs 
and outputs 
can be 
isolated 
from 
system 
ground, 
and the output 
can drive 
loads 
referred 
to 
ground 
or 
either 
supply. 
Strobing 
and 
offset 


balancing 
are available 
and 
the 
outputs 
can be wire-ORed. 


• 
Input 
Offset 
Voltage 
- 
4.0mV 
max. 
• 
Differential 
Input 
Voltage 
Range - 
±30V 


• 
100% reliability 
assurance testing 
in compliance 
with 
MI L-STD-883 
• 
Available 
in Hermetic 
Dual-In-Line 
or Hermetic 
Flat 
Packages 


CONNECTION 
DIAGRAMS 
Top Views 


N.C 


COLLECTOR 
OUTPUT 
- 
A 


BALANCE/STROBE 
- 
A 


v- 


BALANCE 
- 8 


BALANCE/STROBE 
- 
B 


COLLECTOR 
OUTPUT 
- 8 


INVERTING 
INPUT - 
B 


NON· INVERTING 
INPUT - 8 


EMITTE R OUTPUT 
- 
B 


v· -A 


EMITTER OUTPUT - 
A 


NON·INVERTING 
INPUT - 
A 


INVERTING 
INPUT - 
A 
v- 


BALANCE 
- 
B 


BALANCE/STROBE 
- B 


COLLECTOR 
OUTPUT 
- 
B 


FUNCTIONAL 
DIAGRAM 
(each half) 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 
Number 
Type 
Range 
Number 


Am1500C 
TO-99 
O°C to +70°C 
AM1500DC 
Hermetic 
DIP 
O°C to +70°C 
AM1500FC 


Am1500L 
TO-99 
-25°C 
to +85°C 
AM1500DL 
Hermetic 
DIP 
-25°C 
to +85°C 
AM1500FL 


Am1500M 
Hermetic 
DIP 
-55°C 
to +125°C 
AM1500DM 
Flat Pak 
-55°C 
to +125°C 
AM1500FM 


COLLECTOR 


OUTPUT 


Vc 


N.C. 


COLLECTOR 
OUTPUT 
- 
A 


BALANCE/STROBE 
- A 


BAlANCE-A 


INVERTING 
INPUT - 8 


NON-INVERTING 
INPUT - 
B 


EMITTER 
OUTPUT 
- 
B 


v+ - 
B 


Am1500 


MAXIMUM 
RATINGS 


Voltage from V+ to V- 


Voltage from Collector 
Output 
to V- 


Am1500M. 
L 


Am1500C 


Voltage from Emitter 
Output 
to V- 


Voltage between 
Inputs 


Voltage from Inputs to V- 


Voltage from Inputs to V+ 


Power Dissipation 
(Nota 
1) 


OUtput Short Circuit Duration 


Operating 
Temperature 
Range 
Am1500M 
Am1500L 
Am1500C 


50V 
40V 


30V 


±30V 


+30V, -OV 


-30V 


500mW 


Storage Temperature 
Range 


Lead Temperature 
(soldering, 
10 sec) 


-55°C 
to +125°C 
-25°C 
to + 85°C 


oOe to + 70°C 


-65°C 
to +150 
oe 


300°C 


ELECTRICAL 
CHARACTERISTICS 


(TA = 25°C unless otherwise 
specified) 
(Nota 
2) 


Am1500C 
Min. 
Typ. 
Max. 


Am1500M 
Am1500L 
Min. 
Typ. 
Max. 


Input 
Offset 
VOltage (Note 3) 
2.0 
7.5 
0.7 
3.0 
mV 


Input 
Offset 
Current 
(Note 3) 
6.0 
50.0 
4.0 
10.0 
nA 


Input 
Bias Current 
(Note 3) 
100 
250 
60 
100 
nA 


Response Time 
(Note 4) 
RL = 500.0. to +5V, 
VE = 0 
200 
200 
ns 


Supply Current-Positive 
(Note 5) 
3.9 
7.5 
7.0 
9.5 
mA 
-Negative 
(Note 
5) 
2.6 
5.0 
4.8 
7.5 


Voltage 
Gain 
200 
200 
V/mV 


Vin 
<;; -5.0mV, 
IC = 50mA 
0.75 
1.5 
V 
Saturation 
Voltage 


Vin 
<;; -10mV, 
IC = 50mA 
0.75 
1.5 


Vin ;;. +5.0mV, 
Vc 
to VE = 50V 
0.2 
10.0 
nA 
Output 
Leakage 
Current 


Vin ;;. +10mV. 
Vc to VE = 40V 
0.2 
50.0 


Input 
Offset 
Voltage 
(Note 3) 
10.0 
4.0 
mV 


Input 
Offset 
Current 
(Note 3) 
70.0 
20.0 
nA 


Input Bias Current 
(Note 3) 
300 
150 
nA 


Vin 
<;; -6.0mV, 
IC = 8.0mA 
0.23 
0.40 
V 
Saturation 
Voltage 


Vin 
<;; -10mV, 
IC = 8.0mA 
0.23 
0.40 


Output 
Leakage 
Current 
Vin ;;. +6.0mV, 
Vc to VE = 50V 
0.1 
0.5 
).IA 


Input 
Voltage 
Range 
±13 
±14 
±13 
±14 
V 


Supply 
Current-Positive 
(Note 5) 


TA = +125°C 
4.8 
6.4 
mA 
-Negative 
(Note 
5) 
3.2 
4.4 


Notes: 
1. 
For 
~he 
Flat 
Package 
derate 
atoS.Smw/oc 
for 
operation 
at 
ambient 
temperatures 
above 
83°C, 
and 
the 
Dual·ln-Line 
at 9mWfC 
for 
operation 
at 


ambient 
temperatures 
above 95 
C. 


2. 
Unless otherwise 
specified, 
these specifications 
apply for V+ = +15V, 
V- = -15V, 
VE = -15V, 
and RL at collector 
output 
= 7.5kU 
to +15V. 
3. 
The 
offset 
voltage, 
offset 
current 
and 
bias current 
given 
are the 
maximum 
values 
required 
to drive 
the 
collector 
output 
to within 
1 V of 
the 
supplies 


with 
a 7.5kn 
load. 
These 
parameters 
define 
an error 
band 
and 
take 
into 
account 
the 
worst 
case effects 
of voltage 
gain 
and 
input 
impedance. 


4. 
The 
response 
time 
specified 
(see definitions) 
is for 
a 1 OOmV 
input 
step 
with 
S.OmV 
overdrive. 
5. 
The 
Am1S00 
supply 
current 
is the 
sum 
of the 
supply 
currents 
required 
by each 
side. 
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Strobi ng Off Both 
Input and Output 
Stages** 


Increasing Input 
Stage Current* 


LH2111/2211/2311 


• 
The LH2111/2211/2311 
are functionally, electrically, 
and pin-for-pin equivalent to the National LH2111/ 
2211/2311 
• 
The LH2111 is a dual 111, but requires 25% less 
power than two 111 comparators 


• 
Output Drive - 50V and 50mA 


• 
Input Bias Current - 150nA max. 


The 
LH2111 /2211 /2311 
are 
voltage 
comparators 
featuring 
low 
input 
currents, 
high 
differential 
and 
common 
mode 
voltage 
ranges, wide supply 
voltage 
range, and outputs 
com- 
patible 
with 
all bipolar 
and 
MOS circuitry. 
The inputs 
and 


outputs 
can be isolated 
from system 
ground, 
and the output 


can drive loads referred 
to ground 
or either 
supply_ Strobing 


and 
offset 
balancing 
are available 
and 
the 
outputs 
can 
be 
wire-ORed. 


• 
Input Offset Voltage - 4.0mV max. 


• 
Differential Input Voltage - ±30V 


• 
100% reliability 
assurancetesting in compliance with 


MI L-STD-883 
• 
Available in Hermetic Dual-In-Line or Hermetic 
Packages 


FUNCTIONAL 
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Package 


Type 


DIP 
Flat Pak 


DIP 
Flat Pak 


DIP 
Flat Pak 


Temperature 


Range 


O°C _ +70°C 
O°C _ +70°C 


_25° C - +85° C 
-25°C 
- +85°C 


-55°C 
- +125°C 
-55°C 
- +125°C 


Order 


Number 


LH2311 D 
LH2311F 


LH2211D 
LH2211 F 


LH2111D 
LH2111 F 


Flat 


~ 


LH2111/2211/2311 


MAXIMUM 
RATINGS 


Voltage from v+ to V- 


Voltage from Collector 
Output to V- 
LH2111/LH2211 
LH2311 


Voltage from 
Emitter 
Output to V- 


Voltage between Inputs 


Voltage from 
Inputs to V- 
Voltage from 
Inputs to v+ 


Power Dissipation 
(Note 1) 


Output Short Circuit 
Duration 


Operating Temperature 
Range 
LH2111 
LH2211 
LH2311 


50V 
40V 


30V 


±30V 


+30V, -OV 


-30V 


500mW 


Storage Temperature 
Range 


Lead Temperature 
(soldering, 10 sec) 


-55°c 
to +125°C 


_25°C 
to +85°C 


O°C to +70°C 


_65°C 
to +150°C 


300°C 


LH2311 
Typ. 
Max. 


LH2111 
LH2211 
Typ. 
Max. 


Input Offset VOltage(Note 31 
2 
7.5 
0.7 
3.0 
mV 


Input Offset Current (Note 3) 
6.0 
50.0 
4.0 
10.0 
nA 


Input BiasCurrent (Note 3) 
100 
250 
60 
100 
nA 


Response 
Time 
(Note 
4) 
RL = 500n to +5V, VE = 0 
200 
200 
ns 


Supply 
Current-Positive 
(Note 
5) 
3.9 
7.5 
7.0 
9.5 
7.5 
mA 
-Negative (Note 5) 
2.6 
5.0 
4.B 


Voltage 
Gain 
200 
200 
V/mV 


VIN .;;-5mV, IC = 50mA 
0.75 
1.5 
Saturation 
VOltage 
V 
VIN';; -10mV, IC =50mA 
0.75 
1.5 


VI N ;;.+5mV, Vc to VE = 50V 
0.2 
10.0 
Output 
Leakage 
Current 
nA 
VIN ;;.+10mV, Vc to VE = 40V 
0.2 
50.0 


The Following 
Specifications 
Apply 
Over The Operating Temperature 
Ranges 


Input Offset Voltage (Note 3) 
10.0 
4.0 
mV 


Input Offset Current (Note 31 
70.0 
20.0 
nA 


Input BiasCurrent (Note 3) 
300 
150 
nA 


VIN .;; -6mV, IC = 8mA 
0.23 
0.40 
Saturation 
Voltage 
VIN';; -10mV, IC =8mA 
0.23 
0.40 
V 


Output 
Leakage Current 
VIN ;;.+6mV, Vc to VE - 50V 
0.1 
0.5 
/.lA 


Input VoltageRange 
±13 
±14 
±13 
±14 
V 


Supply Current-Positive (Note 51 
TA = 125°C 
4.8 
6.4 


-Negative (Note 5) 
3.2 
4.4 
mA 


Notes: 
,. 
For 
the 
Flat 
Package 
derate 
at 
6.5 mwtC 
for 
operation 
at 
ambient 
temperatures 
above 
83°C. 
and 
the 
Dual-In-Line 
at 9 mwtC 
for 
operation 
at 
ambient 
temperatures 
above 
95° C. 


2. 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 
V+ = 15V. 
v- = -1 5V, 
Ve = -1 5V. 
and 
R L at collector 
output 
= 7.5kn 
to 
+15V. 
3. 
The 
offset 
voltage, 
offset 
current 
and 
bias 
current 
given 
are 
the 
maximum 
values 
required 
to 
drive 
the 
collector 
output 
to 
within 
1 V of the 
sup- 
plies 
with 
a 7.5kn 
load. 
These 
parameters 
define 
an error 
band 
and 
take 
into 
account 
the 
worst 
case effects 
of 
voltage 
gain 
and 
input 
impedance. 
4. 
The 
response 
time 
specified 
(see definitions) 
is for 
a 1 OOmV 
input 
step 
with 
5mV 
overdrive. 


5. 
The 
LH21 
1 1 supply 
current 
is the 
sum 
of the 
supply 
currents 
required 
by each 
side. 
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Strobing Off Both 
Input and Output Stages"" 


Increasing Input 
Stage Current" 


A NEW HIGH-SPEED 


COMPARATOR 
THE Am685 
By Jim Giles and Alan Seales 


Modern 
electronic 
systems 
require 
more 
and 
more 
that 


operations 
be performed 
in a few 
nanoseconds 
so that 
the 


delay of the complete 
system, which may be very complex, 
be 


held to a minimum. 
There are abundant 
logic circuit elements 


available 
that 
meet 
this criterion: 
gold-doped 
TTL, Schottky 


TTL, 
and 
emitter-coupled 
logic 
(ECL). 
listed 
in descending 


order 
of propagation 
delay. Where it is necessary 
to interface 


from 
the 
analog 
world 
to the 
input 
of a logic system, 
or to 


detect 
very 
low-level 
logic signals 
in the 
presence 
of heavy 


noise, 
a high-speed 
precision 
comparator 
is needed. 
If such a 


comparator 
had a propagation 
delay 
less than 
10ns, it cou Id 


replace 
costly 
and complex 
circuitry 
that 
designers 
are now 


forced 
to use in very high-speed 
analDg-to-digital 
converters, 
data acquisition 
systems, 
and optical 
isolators, 
as well as make 


possible 
many 
applicatit9ns 
hitherto 
considered 
unfeasible. 
It 


could also be used as a sensitive line receiver or sense amplifier, 
in 
100MHz 
sample 
and 
hold 
circuits, 
and 
in very 
high- 


frequency 
voltage-controlled 
oscillators_ 


The basic requirements 
f~r a high-speed 
precision 
comparator 


are few 
and 
well-defined: 
good 
resolution 
(high gain), 
high 


common-mode 
and differential 
voltage 
ranges, 'outputs 
com- 


patible 
with 
standard 
logic 
levels, and, 
above 
all, very fast 


response to signal levels ranging from a few millivolts to several 
volts. 
The 
industry 
workhorse, 
the 
710, 
has come 
close to 


meeting t-hese requirements, 
and except 
for the most demand- 


ing applications, 
its 40ns 
propagation 
delay 
is adequate. 
A 


survey 
of 
presently 
available 
monolithic 
IC 
comparators 


(Table I) 
shows 
that 
there 
is really 
none 
that 
meets 
the 


requirements 
of very high-speed 
systems. 
The newer TTL-out- 


put 
circuits 
offer 
only 
marginal 
improvement 
over the 
710 


when measured 
under 
identical 
conditions 
of large input pulse 


and small overdrive, 
and the ECL-output 
comparator, 
although 


faster, 
has such poor 
resolution 
that 
it can be used only for 


large input 
signals. Advanced 
Micro Devices felt there 
was a 


need for a family 
of linear devices 
to fill the 
needs of very 


high-speed 
systems, 
with 
the 
first 
circuit 
being 
a precision 


comparator 
with less than 1Ons delay. 


Type 
Logic 
Propagation 
Resolution 
No. 
Family 
Delay 


Am111 
TTL 
200ns 
0.012mV 


pA710 
TTL 
40l1s 
l.4mV 


Am106 
TTL 
40ns 
0.06mV 


pA760 
TTL 
25ns 
0.5mV 


NE527/529 
TTL 
25ns 
0.5mV 


MC1650 
ECL 
12ns 
30mV 


Table I: Propagation 
Delays of Available Monolithic 
IC 


Comparators 
(100mV 
Input Step, 5mV Overdrive) 


DESIGN OBJECTIVES 


In order 
to achieve 
the 
ultimate 
in speed, it is clear that the 


comparator 
outputs 
must 
be 
compatible 
with 
ECL, 
even 


though 
at present 
the majority 
of systems 
use TTL. Designers 


striving 
for 
the 
highest 
possible 
speed 
will already 
be using 


ECL in the critical circuit areas of their systems to squeeze the 
last possible 
nanosecond 
out of the overall delay. 
Further, 
an m 


ECL circuit 
requires 
only one-third 
the gain of an equivalent 


TTL circuit for the same resolution 
owing to its smaller output 


logic swing. This means that lower impedances 
can be used and 


consequently 
larger 
bandwidth 
real ized for the 
same power 


dissipation. 
Also, 
there 
is no problem 
interfacing 
the 
linear 


input 
stages with the digital output 
gate since an ECL gate is 


basically 
a non-saturating 
overdriven 
differential 
amplifier. 


Properly 
driving 
a TTL gate from 
a linear amplifier 
is more 


difficult, 
however, 
because 
it requires 
a large voltage 
swing 


suitably 
biased 
to 
track 
the 
input 
logic 
threshold 
with 
temperature, 
plus a large peak 
negative 
current 
capability 
to 


turn off the gate with minimum 
delay. 


The 
usefulness 
and 
versatility 
of 
a 
comparator 
can 
be 


enhanced 
by adding a strobe or latch function 
to the circuit. A 


strobe 
simply 
forces 
the 
output 
of the 
comparator 
to one 


fixed state, 
independent 
of input signal conditions, 
whereas 
a 


latch 
locks 
the 
output 
in the 
logical 
state 
it was in at the 


instant 
the 
latch was enabled. 
The 
latch can thus perform 
a 


sample 
and 
hold function, 
allowing 
short 
input signals to be 


detected 
and 
held 
for 
further 
processing. 
If the 
latch 
is 


designed to operate 
directly 
upon the input stage-so 
the signal 
does 
not 
suffer 
any 
additional 
delays 
through 
the 


comparator-signals 
only 
a few 
nanoseconds 
wide 
can 
be 


acquired 
and held. A latch, therefore, 
provides 
a more useful 


function 
than a strobe for very high-speed 
processing. 


The most difficult 
input signal for a comparator 
to respond 
to 


is a large amplitude 
pulse that 
just barely 
exceeds 
the input 


threshold. 
This 
forces 
the 
input 
stage of the 
comparator 
to 


swing from a full off (or on) state to a point somewhere 
near 


the center 
of its linear range. 
This exercises both the large-and 


small-signal 
responses 
of the stage. 
If the comparator 
has less 


than 
10ns 
delay 
under 
these 
stringent 
conditions, 
then 
it 


should 
be as fast or faster 
for any other 
circumstances 
(see 


Figure 1). 
The 
industry 
standard 
measurement 
is with 
a 


Figure 
1. 
Response 
to step 
input 
signals at output 
of 


a differential 
amplifier 


100mV 
input 
pulse 
and 
an 
overdrive 
5mV 
above 
input 


threshold 
(this was used for the delays given in Table 1). Pulses 


larger 
than 
100mV 
might 
be used, but this would 
multiply 


measurement 
difficulties, 
since only a few tenths 
of a percent 


aberration 
or ripple in the pulse generator 
waveform 
would be 


enough 
to seriously 
affect 
the accuracy 
of the small overdrive, 


and 
thus 
would 
give misleading 
results 
for the 
propagation 


delay. 


To obtain 
satisfactory 
speed for all input signals and particu- 


larly 
for 
the 
worst 
case 
measurement 
conditions, 
the 
input 


stage 
of 
the 
comparator 
must 
have: 
1) wide 
small-signal 


bandwidth, 
2) high slew rate for large signals, 3) minimum 


voltage swings, and 4) high gain. The first requirement 
can be 


realized 
by 
using 
low-value 
load 
resistors, 
by making 
every 


effort 
in circuit 
design, 
device 
geometry 
and 
processing 
to 


minimize 
parasitic 
capacitances, 
and by using transistors 
with 


the 
highest 
fT 
possible. 
The 
second 
item 
calls 
for 
high 


operating 
currents 
as well as minimum 
capacitance. 
The last 


two 
requirements 
are conflicting, 
since 
obtaining 
high gain 


normally 
requires 
a large voltage swing; therefore 
some means 


of clamping 
the swing must be used that does not degrade the 


propagation 
delay. 


The overall gain of the complete 
comparator 
must also be high 


because, 
as illustrated 
in Figure 1, the propagation 
delay is less 


if each stage is well overdriven. 
To ensure 
that 
most of the 


input overdrive 
signal is actually 
used for overdriving, 
and not 


consumed 
in just 
moving 
the output 
from 
one state 
to the 


other, 
the gain error should be no more than about 
10% of the 


input 
overdrive. 
Therefore, 
for a 5mV overdrive 
and an ECL 


output 
swing of 800mV, 
the minimum 
gain must be 1600. It is 


not practical 
to strive for much higher gain than this because 


the 
small-signal 
rise time 
begins 
to 
suffer 
as the 
stage gain 


increases. 
Addition 
of another 
stage is undesirable 
as this also 


adds 
delay 
and 
increases 
circuit 
complexity. 
It 
must 
be 


remembered 
that 
there 
is 
a 
maximum 
limit 
on 
power 


dissipation 
that a single integrated 
circuit 
package can handle 


adequately, 
and this consideration 
must influence 
the choice 


of operating 
currents 
and 
impedance 
levels throughout 
the 


design of the circuit. 


With a figure for the total 
gain required, 
it is now possible to 


determine 
the 
number 
of stages and the gain per stage. Since 


the 
output 
stage must be ECL-compatible, 
its design is fixed, 


giving a differential-input 
to single-ended-output 
gain of about 


6. This leaves a differential 
gain of 270 to be provided 
by the 


remainder 
of the comparator. 
This is most efficiently 
divided 


between 
two stages, each with a gain somewhat 
over 16. Both 


stages should 
be identical, 
since minimum 
overall delay time is 


obtained 
when identical stages are cascaded. 


A factor 
not 
yet discussed 
that 
affects 
the accuracy 
of the 


comparator 
is its input offset 
voltage. 
Unless this is trimmed 


out initially, 
it must be added 
to the overdrive in determining 


the worse-case 
value of input signal for which the propagation 


delay 
specifications 
will 
be 
met. 
Even with 
trimming, 
the 


temperature 
drift of high-offset 
units is typically 
much greater 


than that 
of low-offset 
units. Therefore, 
it is desirable to have 


low initial offset so that trimming 
is not necessary, 
and so that 


the offset temperature 
coefficient 
will be good. Also affecting 


the offset 
voltage and its drift at higher source 
resistances 
are 


the 
input 
currents. 
To 
keep 
this 
contribution 
to 
the 
total 


offset 
low requires 
high current 
gains in the input transistors. 
Therefore, 
obtaining 
offsets in the 1-2mV 
range requires close 


attention 
to circuit design, mask layout, and very tight process 


control 
(equivalent 
to that 
needed 
for the high-performance, 


tow-frequency 
operational 
amplifiers), 
but 
with 
the 
added 
kicker of fTs well above 1GHz. 


As 
was 
mentioned, 
large 
common-mode 
and 
differential 
voltage 
ranges 
are desirable 
features 
of a comparator. 
The 
limits 
of the common-mode 
range 
in a well-designed 
circuit 
should 
be close 
to the 
supply 
voltages. 
Since 
a high-speed 


comparator 
will, 
of necessity, 
operate 
at fairly 
high current 
levels, the 
supply 
voltages 
must 
be low to 
stay within 
the 


package power dissipation 
limits. As a minimum,the 
common- 


mode 
range 
should 
be equal 
to 
or exceed 
the 
differential 
voltage range to take full advantage 
of the voltage breakdown 
characteristics 
of the 
input 
transistors. 
The 
basic differential 
amplifier 
input 
stage has a differential 
voltage 
breakdown 
in 


the 
range 
of 
5 to 6 volts; the design goal for the common 
mode range should thus be at least ±3 volts. 


In summary, 
the design 
Objectives for a high-speed 
precision 
comparator 
are as follows: 


1) 
propagation 
delay <10ns 
measured 
at 100mV input 
step, 5 mV overdrive 
2) 
ECL-compatible 
outputs 
3) 
latch capability 
4) 
gain >1600 
5) 
input offset voltage <±2mV 
6) 
common 
-mode 
range >±3V 


The watchword 
in designing 
wideband 
circuits 
is simplicity 
- 
have the fewest possible active devices in the signal path, the 
lowest 
possible 
impedance 
levels, 
and 
the 
lowest 
possible 


capacitance. 
The simple, common-emitter 
differential 
ampli- 


fier can be designed 
to approach 
these 
ideals with one major 
exception: 
the deleterious 
shunting 
effect 
of the collector-to- 
base capacitance 
upon 
the driving 
source 
resistance 
is multi- 
plied 
by the 
voltage 
gain of the 
stage 
(Miller effect). 
Even 


though 
the, impedance 
levels will be only a few hundred 
ohms 


at most, this condition 
cannot 
be tolerated 
if maximum 
speed 
is to be achieved. 
The solution 
is to add an additional 
pair of 


common-base 
transistors 
to form a differential 
cascode ampli- 
fier (Figure 2). This circuit 
has all of the performance 
features 


of a common-emitter 
amplifier 
and no feedback 
capacitance. 


Further 
advantages 
of the cascode 
will become 
apparent 
later 


when the latch design is discussed. 
The only drawback 
is that 


there 
are 
more 
devices 
in 
the 
signal 
path, 
the 
positive 


common-mode 
range 
is 
reduced, 
and 
circuitry 
has 
to 
be 


provided to bias the cascode transistors. 


It is now necessary 
to provide a means of shifting the signal at 


the 
output 
of the 
cascode 
(which 
is very near the 
positive 


supply 
voltage) 
down to a lower voltage to drive the inputs of 


the second 
stage. The use of PNPs is definitely 
out because of 


their poor frequency 
response. This leaves three possibilities: 
a 
chain 
of forward-biased 
diodes, 
a programmed 
voltage 
drop 


across a resistor, or a zener diode. The diode chain is useful for 
level shifts of only a few volts at most, above that, the number 
of diodes 
gets too 
large, with a consequent 
increase 
in shunt 


capacitance 
and temperature 
coefficient. 
The use of a current- 
source/resistor 
combination 
is 
in the 
wrong 
direction 
for 


keeping 
impedance 
levels low. The resistors could be bypassed 


with 
capacitor~, 
but this would 
offer only marginal 
improve- 


ment, 
since 
integrated 
capacitors 
have a large shunt 
compo- 
nent to the substrate. 
Besides, the addition 
of four capacitors 
(for both stages) would 
result 
in a large increase 
in chip area. 


The 
zener 
diode 
is definitely 
superior 
for 
high-frequency 
applications 
because 
its shunt 
capacitance 
to ground 
is low, 
being equal to the collector-to-base 
capacitance 
of a transistor. 
It 
has 
no 
capacitance 
to 
the 
substrate, 
and 
its dynam ic 
resistance 
is quite 
low_ It does have the disadvantage 
that the 


level shift 
is limited 
to one voltage 
(6Vl, which 
restricts 
the 


range of 
power 
supply 
variation 
the circu it can tolerate. 
In 


addition 
it requires 
very tight 
control 
of the 
manufacturing 


process to maintain 
the matching 
required. 
For an input stage 


gain of 16 the 
zener 
voltages 
have to be matched 
to better 


than 
0.25% 
to produce 
less than 
1mV offset 
voltage 
at the 


input. 


As 
shown 
in 
Figure 3, 
the 
zeners 
are 
buffered 
from 
the 
cascode 
collectors 
by emitter 
followers. 
The pulldown 
current 


through 
the 
zener-follower 
combination 
must 
be made 
large 


enough 
to discharge 
the 
node capacitance 
when the follower 


swings in the negative direction. 
The minimum 
value necessary 


is determ ined by the 
node capacitance, 
the signal swing, and 
the 
amount 
of delay 
that 
can be tolerated. 
The amount 
of 


signal swing can be reduced 
by adding clamping 
diodes across 
the collectors 
of the cascode_ Regular diode-connected 
transis- 
tors could 
be used, 
but would 
add considerable 
collector-to- 
substrate 
capacitance 
across 
the 
load 
resistors 
as well 
as 
base-to-emitter 
capacitance 
between 
them. 
Schottky 
diodes, 


on the other 
hand, require 
little additional 
chip area, and are 
very 
fast. 
With 
clamping, 
some of the 
common-mode 
range 


lost when the cascode 
was added can be regained 
because the 


cascode 
transistors 
can be biased closer to the positive supply 


without 
fear of going 
into saturation 
at the extremes 
of the 
signal swing. The use of Schottky 
diodes, however, puts a few 
more 
gray hairs on the head of the process engineer 
since he 


has to control 
another 
set of characteristics 
without 
affecting 


the other 
parameters_ 
The circuit 
values given in Figure 3 are 
designed 
for 
a 
minimum 
differential 
gain 
of 
16, 
and 
a 
minimum 
negative-going 
slew 
rate 
at 
the 
output 
of 
the 


level-shifter 
of 1000V /Ils. 


As mentioned 
earlier the design of the output 
stage (Figure 4) 
can 
vary 
little 
from 
that 
of 
a 
standard 
ECL 
gate. 
The 


output 
emitter 
followers 
have to be large enough 
to handle 


loading by a 50n 
transmission 
line (25mA), 
yet small enough 


flot 
to add 
a lot of capacitance 
that 
would 
slow down 
the 


response. 
Therefore, 
the transistor 
design must be as efficient 


as possible 
with 
regard 
to physical 
size and current-carrying 


2.5mA 
2.5mA 
I 
I 


capacity. 
Since 
the 
input 
common-mode 
level to the 
gate 
varies 
with 
changes 
in 
the 
power 
supplies 
and 
resistor 


tolerance, 
a current 
source 
is used to supply 
the emitters 
of 


the gate, rather 
than the usual resistor 
to the negative supply. 


The design of this current 
source must be such as to provide 


the 
correct 
logical "1" 
and "0" 
levels at the output 
and the 


proper 
variation 
with temperature 
and power supply 
changes. 


The propagation 
delays 
to either 
output 
of this gate will be 
equal, 
whereas 
they 
are slightly 
different 
in a standard 
ECL 
gate 
owing 
to 
the 
additional 
capacitive 
loading 
on the Q 


output 
caused by the multiple 
input transistors. 


Implementation 
of the 
latch function 
must 
be accomplished 
without 
interfering 
with the normal 
comparator 
operation 
or 
degrading 
the 
speed 
in any way. 
It must 
be as close to the 


input 
as possible 
to permit 
short 
input signals to be acquired 
and held. One simple method 
of adding a latch to a differential 


amplifier 
is shown 
in Figure 5. A pair of transistors, 
05 and 


~, 
are cross-coupled 
at the collectors 
of the inputtransistors, 


01 
and 
02' 
The current 
source 
12 is switched 
on when 
it is 


desired 
to enable the latch. If 12 is greater than 11, the positive 


feedback 
via 05 and 06 will hold the circuit in whatever 
state 


it was in when the latch was turned 
on. 


The simple circuit of Figure 5 is not the best for speed because 
of the added 
capacitance 
of 05 
and 06 and the fact that they 


can saturate 
unless the signal swings are very small. However, it 


can be adapted 
to the cascode 
stage quite 
nicely as illustrated 


in Figure 6. Drive for the positive feedback 
transistors 
is taken 


from the level shifters, 
and the collectors 
go to the emitters 
of 


the 
cascode. 
With 
this 
arrangement 
there 
is no significant 


capacitive 
loading on the gain stage at all. The current 
source is 


switched 
by 
another 
differential 
amplifier, 
09-010, 
refer- 


enced 
to the 
ECl 
logic threshold 
voltage. 
This provides 
the 


correct 
input 
levels for the latch 
Enable being driven from a 


standard 
ECl 
gate 
as well 
as being 
very 
fast, 
since 
only 


currents 
are being switched. 


The latch current 
source 
(12) must be about 
1mA greater than 


the 
input 
current 
source 
(11) to ensure 
positive 
latching 
for 


any 
condition 
of 
input 
signal. 
Thus, 
for 5mA 
in the 
input 


stage, 
at 
least 
6mA 
must 
be used to power 
the 
latch. 
This 


amounts 
to a lot of power consumed 
for a function 
that some 


users may never even need. However, there is a way to cut the 
latch standby 
power down to zero; this is accomplished 
by the 


addition 
of 07 and 0a, as shown in Figure a. 


To understand 
the function 
of these transistors, 
first refer to 


Figure 7. The differential 
voltage appearing 
across the emitters 


of the cascode transistors 
is equal to the input signal (for small 


input 
signals). 
This is because the currents 
through 
the lower 


pair of transistors 
in the cascode 
are equal to the correspond- 


ing currents 
through 
the 
upper 
pair, and the 
transistors 
are 


matched; 
therefore 
the 
differences 
in base-emitter 
voltages 


must 
be equal. 
Thus, 
07 
and 
Oa 
function 
as if they 
were 


l'·smA 
", 


simply connected 
in parallel with 01 and 02, as far as the net 


effect 
at the 
collector 
load resistors 
is concerned. 
To obtain 


the desired 
total 
stage gain, the current 
11 can be 2mA and 13 


can be 3mA. 


Now refer to Figure 8. 
With the latch enable 
HIGH, Og will 


be switched 
on and the 3mA current 
source will be supplied to 


the 
parallel 
transistors, 
07-08. 
The 
comparator 
functions 


normally, 
and no current 
is used up in the 
latch. 
When the 


latch enable goes LOW, 12 will be switched 
through 
010 to the 


positive 
feedback 
transistors, 
robbing 3mA from the gain stage 


and 
giving 
it to 
the 
latch. 
The 
latch 
current 
is now 
1mA 


greater 
than 
the 
input 
stage 
current, 
but 
the 
total 
current 


required 
is still only 
5mA. 
As with 
the latch transistors, 
the 


collectors 
of 
the 
parallel 
transistors 
are 
connected 
to the 


emitters 
of the cascode, 
so no additional 
capacitance 
is added 


across the 
load resistors. 
This places the 
requirement 
on 07 fl1 


and 08 
that 
they maintain 
their high fT at zero collector-to- 


base voltage. 


The use of the parallel transistors 
has the added bonus that the 


input bias currents 
are decreased 
by more than a factor of two, 


thus 
reducing 
their 
influence 
on 
the 
offset 
voltage. 
The 


penalty 
paid 
is that 
all three 
pairs 
of junctions 
(01-02, 


03-04 
and 07-08) 
add equally 
to the 
input 
offset. 
Once 


again, the processing 
must be carefully 
controlled 
to keep the 


overall offset within the 2mV goal. 


The complete 
circuit 
of the comparator 
is given in Figure g. It 


includes 
some additional 
refinements 
as well as the DC biasing. 


The drive for the latching transistors 
is taken from the emitters 


of 
the 
second 
cascode 
rather 
than 
from 
the 
level-shifting 


zeners. 
This 
removes 
their 
input 
capacitance 
from 
the 
level 


snifter 
and also ensures 
that 
010 
cannot 
saturate. 
A resistor 
(Rg) 
is included 
to center 
the 
common-mode 
voltage 
at the 


input 
to 
the 
gate 
within 
its dynamic 
range; 
this 
prevents 


saturation 
of the gate or its current 
source over the expected 


range 
of signal swing, 
temperature 
drift 
and supply 
voltage 


variations. 
A separate 
ground 
is used for the 
output 
emitter 


followers 
so that 
heavy loading at the output 
will not couple 


back into the remainder 
of the circuit. 
The DC bias chain for 


the current 
sources 
is referenced 
to ground 
and the negative 


supply, 
so the output 
logic levels will track those of other 
ECL 


circuits 
connected 
to the same negative 
supply. 
The current 


sources 
are designed 
to stay constant 
with temperature, 
which 


keeps 
the 
open-loop 
gain 
high 
at 
elevated 
temperatures 


(>1000 
at 
+125°C), 
and 
thus 
helps 
to 
maintain 
good 


propagation 
delay. 
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th-ree pairs ot transistors, 


the 
matching 
of· which 
determines 
the 
offset 
voltage. 
This 


dictates 
that 
the 
matching 
of VBE shall be extremely 
good 


between 
the transistors 
in each pair in order to meet the 2mV 


maximum 
offset 
voltage 
target. 
For the speeds necessary 
the 


transistor 
fT has to be in the region above 1 GHz, so high-fre- 


quency 
performance 
can not be compromised. 
The slew rate 


of the input stage has to be very high for acceptable 
response 


with 
large 
input 
signals. 
This 
is achieved 
by high operating 


current 
and low stray capacitances. 
It is very desirable to keep 


both 
the 
input 
bias current 
and the input offset 
current 
very 


low so that 
the 
impedances 
in the 
source 
voltages 
do 
not 


introduce 
intolerable 
input voltage errors. It would be possible 


to use a Darlington-connected 
input stage to achieve these low 


currents, 
but 
the 
penalty 
exacted 
in offset 
voltage, 
offset 


voltage 
drift, 
and propagation 
delay 
is unacceptable, 
so high 


current-gain 
transistors 
that 
match 
extremely 
well are needed. 


The 
problems 
are 
thus 
centered 
on 
achieving 
very 
well- 


matched 
transistors 
with high beta and high fT. 


As previously 
mentioned, 
it is desirable 
in a comparator 
to 


have 
a wide 
common-mode 
voltage 
range 
and 
high 
power- 


supply 
rejection 
ratio. 
This 
is facilitated 
by using Schottky 


diodes 
to clamp 
the collector-to-collector 
swings in the first 


two 
stages. 
Schottky 
diodes 
can 
be 
fabricated 
simply 
by 


making a window 
in the oxid'e over the N-type epitaxial 
layer 


and 
using the 
same evaporated 
aluminum 
as is used for the 


interconnects 
(see Figure 10). The contact 
potential 
between 


silicon and aluminum 
causes a potential 
barrier to the flow of 


electrons. 
Making 
the 
metal 
positive 
lowers 
this 
barrier, 


allowing 
electrons 
to pass over it by virtue 
of their 
thermal 


energy. 
This 
process 
is essentially 
the 
same 
as thermionic 


emission. 
Since these electrons 
are majority 
carriers, Schottky 


diodes 
show 
extremely 
fast turn-off 
characteristics, 
desirable 


in this application. 
Why the Schottky 
diode 
is so attractive 
is 


that the forward 
voltage 
necessary 
to produce 
a given current 


may. be several hundred 
millivolts 
less than 
that 
required 
to 


produce 
the same current 
in a p-n junction 
diode of about the 


same 
size. 
It can 
thus 
be used 
as a "clamp" 
to 
prevent 
a 


bipolar 
transistor 
from 
saturating, 
when 
connected 
from 


collector 
to base so as to prevent 
the forward 
voltage of the 


collector-base 
diode 
from 
rising to a level sufficient 
to cause 


appreciable 
current 
flow in the collector-base 
diode. This is the 


common 
application 
in Schottky 
TTl 
circuits. 


In the ECl comparator 
the use is different. 
Here they are used 


back-to-back 
to limit the differential 
voltage swings between 


the 
collectors 
in 
both 
the 
first 
and 
the 
second 
stages. 
Connected 
in 
this 
way 
the 
reverse 
voltage 
seen 
by 
one 


Schottky 
diode 
is equal 
to the forward 
voltage 
drop 
of the 


other 
diode. 
Because this voltage is so small reverse leakage is 


not a great problem. 
In the simple Schottky 
diode structure, 
as 


described 
above, 
the 
reverse 
leakage 
is high. 
Most of this 


leakage 
current 
is generated 
at the 
perimeter 
of the 
metal, 


where 
there 
is an electric 
field 
concentration. 
In order 
to 


reduce this field the metal is extended 
all around 
the opening 


in the oxide, overlaying this oxide. Spacing the metal from the 
silicon in this way reduces the field and hence the leakage. In 
applications 
where low leakage is critical, the use of a P+ guard 


ring is called for, but this carries with it extra capacitance, 
so 


in view of the fact that the reverse voltage is so low the guard 
ring technique 
was discarded 
for this application. 
Even so, the 


diodes 
used in the comparator 
have low leakage characteristics 


with a breakdown 
at about 45V. 


Figure 
10. 
Cross section 
of transistor 
and Schottky 


diode 
showing 
sinker 
and P+ base contact 


enhancement 


At the very high speeds being considered, 
much effort 
has to 


go into reducing 
capacitances 
and resistances. 
Thinning 
down 
the 
epitaxial 
layer 
to 
the 
minimum 
required 
to sustain 
the 
voltages 
encountered 
is of 
benefit 
in 
two 
ways: 
1) the 
collector-isolation 
sidewall 
area 
is 
reduced, 
lowering 
the 


collector-to-substrate 
capacitance; 
2) the collector-series 
resist- 


ance 
is reduced. 
The 
two 
major 
contributions 
to collector- 
series 
resistance 
are the 
resistance 
of the 
epitaxial 
material 
between 
the 
emitter 
and 
the 
buried 
N+ 
layer, 
and 
the 
resistance 
of the epitaxial 
layer between 
the collector 
contact 
and the buried 
layer. However, the first resistance 
is subject to 


reduction 
by conductivity 
modulation 
during operation 
of the 


device 
and thus 
is less important 
than 
the second 
term. 
The 
second 
term 
can 
be made 
very 
small 
by 
using a "sinker", 


which 
is a high 
concentration 
N-type 
diffusion 
from 
the 
surface, 
through 
the epitaxial 
layer, to the 
buried 
N+ layer. 


Contact 
to the collector 
is then 
made to the 
surface 
of the 


sinker. (see Figure 10) 


Collector-to-base 
capacitance 
is held 
low DYusing very small 
dimensions 
and 
by 
using 
a relatively 
high 
epitaxial 
layer 


resistivity. 
The 
latter 
also serves 
to "reduce 
the collector-to- 
substrate 
capacitance. 
A further 
reduction 
in collector-to-base 
capacitance 
results from using a shallow, 
high Sheet-resistivity 


diffusion 
for the base. However, this raises the base resistance, 


both because the bulk resistance 
from the contact 
to the active 
base 
region 
is increased 
and 
because 
the 
specific 
contact 
resistance 
is increased. 
These 
resistances 
may be reduced 
by 


depositing 
P+ regions 
under 
the 
base contact 
areas after the 
main base diffusion. 


A compromise 
has to 
be made 
in selecting 
emitter 
width. 


large 
emitters 
are desirable 
for VBE matching, 
but very small 


emitters 
are essential 
for 
high fT. 
A stripe 
emitter, 
.25-mil 


wide and 
1-mil long, was chosen 
as optimum. 
A difference 


in 
width, 
between 
two 
otherwise 
identical 
emitters, 
of 


.01-mil will be sufficient 
to cause an offset 
voltage of 1 mV. 


From 
th is, it can be seen that 
the photol ithography 
must be 


extremely 
carefully 
controlled, 
since 
the 
offset 
voltages 
of 
three 
pairs of transistors 
are summed to give the total offset of 


the comparator. 
Because the emitters 
are so narrow the normal 
procedure 
of making a contact 
cut inside of the emitter 
cannot 


be 
used. 
Instead, 
the 
emitter 
oxide 
is simply 
dissolved 
in 


hydrofluoric 
acid 
immediately 
before 
the aluminum 
evapora- 
tion 
in order 
to expose 
the emitter. 
As a consequence, 
the 


lateral 
distance 
between 
the 
metal 
and 
the 
emitter-base 


junction 
is very small, 
being equal to the lateral diffusion 
of 


the 
emitter. 
This 
means 
that 
the 
sintering 
process 
must 
be 


carried 
out at a temperature 
lower than 
is customary 
in linear 


circuit 
manufacture 
in order 
to 
avoid 
short-circuiting 
the 


emitter-base 
junction 
by 
lateral 
migration 
of aluminum. 
An 


additional 
reason 
for lowering the sintering 
temperature 
is to 


avoid penetration 
of aluminum 
down through 
the emitter 
and 


base, causing emitter-to-collector 
shorts. 


The 
requirement 
for 
high 
current 
gain, 
for 
low 
input 
bias 
currents, 
necessitates 
narrow 
base widths. 
Emitter-to-collector 


shorts 
can 
be 
a 
problem 
in 
these 
shallow, 
narrow-base 


structures. 
The 
probability 
of shorting 
can be minimized 
by 


careful 
cleaning 
procedures 
and 
by 
proper 
emitter 
doping 


levels. Keeping 
the 
emitter 
doping 
level low also reduces 
the 


magnitude 
of the "emitter 
dip" 
effect, 
whereby 
the diffusion 
coefficient 
of the 
boron 
in the 
region 
under 
the 
emitter 
is 


greatly 
increased 
by the 
lattice 
strain 
caused by the emitter, 


resulting 
in the 
running-on 
of the 
base 
under 
the 
emitter, 
making it very difficult 
to achieve a narrow base width. 


An area that 
is neglected 
in digital circuit 
processing, 
because 


high beta is not necessary, 
but which is of major importance 
in 


linear processing, 
is the control 
of surface conditions. 
It high 


current 
gains are to be realized, 
both the surface 
area of the 


emitter-base-depletion 
region 
and 
the surface 
recombination 


velocity 
must 
be minimized. 
The 
former 
implies that 
ionic 


contamination, 
such 
as sodium 
ions, must be eliminated 
and 
that 
the 
surface 
state charge density, 
ass, 
should 
be made as 
low as possible. 
The surface 
recombination 
velocity 
is propor- 
tional to the fast surface state density 
and so can be minimized 


by making this density 
very low. These three goals; low ionic 
contamination, 
low ass and low fast surface 
state density 
are 


achieved 
by using 
the 
well 
known 
techniques 
of MOS and 


linear 
circuit 
processing, 
such 
as 
annealing 
in 
an 
inert 


atmosphere 
and proper choice of sintering cycle. 


In the 
interests 
of 
minimum 
capacitance, 
the 
metal 
inter- 


connects 
are designed 
to be narrower 
than 
is usual 
in linear 


circuits. 
Special 
etching 
techniques 
have to be .employed 
in 
order to reproduce 
these narrow 
lines reliably. These lines can 
be seen in the photomicrograph 
of Fi!lure 11. 


The primary 
design objective 
for the comparator 
was to obtain 


under 
10ns propagation 
delay for large input signals with small 


overdrive. 
It should 
then 
be as fast or faster 
for any other 
input conditions. 
The performance 
of the Am685 
compara- 
tor for a 100mV 
step input at various overdrives 
is shown 
in 
Figures 12 and 
13. The 
propagation 
delay 
is measured 
from 


the time the input step crosses the input threshold 
voltage to 
the 
time the output 
crosses 
the 
logic threshold 
voltage. The 
input 
threshold 
voltage 
(i.e., the offset 
voltage) 
was adjusted 


for the figures 
so that 
the delay ,can be simply 
measured 
by 


Figure 
12. 
Tpd 
-"1" 
for 
100mV 
step 
input 
and various 


overdrives 
(input 
= 5mV /em, 
output 
= 


200mV/em) 


Figure 
13. 
Tpd -"0" 
for 100mV 
step 
input 
and various 


overdrives 
(input 
= 5mV/em. 
output 
= 


200mV/em) 


counting 
up 5, 10, or 20mV 
from 
the 
bottom 
of the 
input 


pulse. The input pulse, therefore, 
is displayed 
on a magnified 
scale to facilitate 
this measurement 
and also to illustrate 
the 


purity 
of input signal required 
to make accurate 
measurements 
at millivolt overdrives. 


For a 100mV 
input step and 5mV overdrive, 
the propagation 
delay for a logical "0" 
is 6.3ns and for a logical "1" 
is about 
300ps 
less. A graph of delay as a function 
of overdrive 
is given 


in Figure 14. It was previously 
stated that any other condition 
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of 
input 
signal 
should 
give 
faster 
response 
(refer 
back 
to 


Figure 1). This is demonstrated 
by Figure 15, which illustrates 


the response 
of the comparator 
to symmetrical 
inputs ranging 


from ±5m V to ±500m V. The speeds are at least 1 to 2ns faster 
than for small overdrives. 


Figure 
16 shows how the delay time varies with temperature. 
The 
adverse 
effects 
of resistor 
and gain changes 
at elevated 


temperatures 
result in an increase 
in delay from 6.3ns at 25°C 
to 8.4 ns at 85°C and 10.4 ns at 125°C. 
All of the above data 
were 
taken 
with 
output 
loads of 5051 connected 
to -2.0V. 
For 
lighter 
loading 
(such as 50051 to -5.2V) 
the output 
rise 
and fall times and propagation 
delays are all slightly faster. 


The usefulness 
of the latch is directly 
related to how quickly 
it 


can 
be enabled 
following 
a change 
in the 
input 
signal. The 
input signal must be present 
long enough 
to pass through 
the 
first stage of the comparator 
before the latching transistors 
can 


act upon 
it. The minimum 
time that the input must be present 
before 
the latch can be turned 
on is defined 
as the latch enable 
time. This is measured 
as the minimum 
time that 
must elapse 


between 
the time 
the 
input 
step crosses 
the 
input threshold 


voltage 
and 
the time 
the latch enable 
input crosses the logic 
threshold 
voltage 
for 
which 
the 
comparator 
outputs 
will 


assume the correct 
states. 


Figure 
17. 
Latch 
enable 
time 
and latch 
aperature 
time 


for 
100mV 
input 
step, 
5mV 
overdrive 


(input 
=5mV/cm, 
latch 
= 
200mV/cm, 


output 
= 400mV Icm) 


The 
performance 
of 
the 
latch 
function 
is 
illustrated 
by 


Figure 17. The 
input 
signal is the standard 
100mV 
step with 


5mV overdrive 
and is in the direction 
to cause the output 
to 
switch 
from 
a logical "0" 
to a logical "1 ". The delay of the 


latch 
signal relative 
to the 
input 
is adjusted 
until the output 


just switches 
to a "1 "; this is the latch enable time and under 


these 
conditions 
is 1.8 ns. 
The difference 
between 
the latch 
timing 
for which the output 
just barely switches 
and when 
it 
does not switch 
is the latch aperture 
time; this is about 500ps 


for 5mV overdrive. 
The performance 
of the latch with 
input 


overdrive 
and 
temperature 
generally 
follows 
that 
of 
the 
propagation 
delays (Figure 14 and 16). 


The 
overall 
performance 
of 
the 
Am685 
is summarized 
in 


Table II. 
It 
is apparent 
from 
the 
table 
and 
the 
previous 


discussion 
that 
the 
device 
is ideally 
suited 
for 
applications 


where 
both 
precision 
and high speed are required, 
such as in 
analog-to-digital 
converters, 
data 
acquisition 
systems, 
and 
optical 
isolators. 
The 
device 
is the 
first 
in a family 
of new 


wideband 
linear 
integrated 
circuits 
designed 
to 
meet 
the 


requirements 
of very high-speed systems. 


Propagation 
Delay 


(1OOmV step, 5mV overdrive) 
Input Offset Voltage 
Average Temperature 
Coefficient 


Of Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Common 
Mode Voltage 
Range 


Common 
Mode Rejection. Ratio 


Supply Voltage 
Rejection 
Ratio 


Positive Supply 
Current 


Negative Supply Current 


6.5ns MAX 
2.0mV 
MAX 


10llVfc 
MAX 


1.0IlA MAX 
10llA MAX 
±3.3V MIN 
80dB MIN 
70dB MIN 


22mAMAX 
26mA 
MAX 


Table II: 
Performance 
Characteristics 
of the Am685 


Comparator 
(TA = 25°C, V+ = 6.0V, 


V- = -5.2V, 
RL = 5051 to -2.0V) 


Very 
fast, 
precision, 
analog-to-digital 
conversion 
stands 
to 


benefit considerably 
from the availability 
of a fast comparator. 


As the 
block 
diagram 
of a fast 
10-bit converter 
in Fig. 18 


shows, a typical 
rapid conversion 
technique 
may resemble the 


use of feedforward 
compensation 
in an operational 
amplifier. 


The analog 
input signal is sampled 
at the beginning 
of a con- 


version 
period 
and fed to a fast five-bit a-d converter, 
which 


provides 
the 
first 
five most 
significant 
bits 
of the 
output. 


These 
five bits also drive a companion 
d-a converter, 
which 


must be accurate 
to better 
than 10 bits. The output 
of the d-a 


converter 
is a replica of the input signal, quantized 
to five bits. 


This 
is compared 
with the 
actual 
input 
signal stored 
in the 
sample-and-hold 
amplifier. 
The 
difference 
between 
the 
two 


analog levels is the remaining 
part of the input signal that must 


be quantized. 
This difference 
is amplified 
and applied to an- 


other 
five-bit a-d converter 
to provide the five least-significant- 


bits of the final output. 


Typical 
five-bit 
a-d converters 
may 
consist 
of 31 
106-type 
comparators 
connected 
to the signal source and referenced 
to 


the full-scale 
input 
in steps of 1/32. The output 
of each com- 


parator 
goes into a latch, and the latch outputs 
are decoded 
by 


three stages of TTl 
gages to develop the five-bit digital output. 


Typical 
propagation 
delays 
are 40 
ns for 
the 
comparators, 
22 ns for the latches, and 10 ns for the decoding, 
resulting in a 


total delay of 80 ns. Average settling 
time for the five-bit d-a 


converter 
and the difference 
amplifier 
together 
comes to about 


200 
ns, and the 
settling 
time 
for the 
input 
sample-and-hold 


amplifier 
is 70 ns. Thus, the over-all conversion 
time for this 


10-bit converter 
amounts 
to 430 ns. 


Substitution 
of the 
high-speed 
ECl 
comparator 
for the 
106 


type 
in each of the five:bit converters 
leads to a significant 
im- 


provement 
in propagation 
delay. The typical delay of the com- 
parator 
is about 
6.5 ns, and no external 
latch is required. 
With 


ECl 
it is possible to wire-OR outputs, 
so only one level of de- 


coding 
gates 
is required. 
Allowing 
1.5 ns for the gates, 
the 


total five-bit conversion 
time is only 8 ns - a tenfold 
improve- 


ment over the existing circuit. 


If the latch function 
of the comparators 
is used as the sample- 


and-hold 
for the 
first five-bit 
converter, 
the sample-and-hold 


can be put in parallel with the first quantization 
step, as shown 


by the dotted 
lines in Fig. 18. This eliminates 
its settling time 


from the over-all delay of the system. 
With the new compara- 


tor, the total 
1O-bit conversion 
time drops to 216 ns, with over 


90% of the delay attributable 
to the d-a converter 
and the dif- 


ference 
amplifier. 
Moreover, 
the availability 
of an 8 ns five-bit 


converter 
should 
provide 
the 
impetus 
to improve 
the slower 


sections 
of the system. 
A 10-bit a-d converter 
with 
a delay 


under 100 ns is not an extravagant 
prediction. 


If the standard 
106-type 
comparator 
in this a-d converter 
is replaced by the 10 ns device, a tenfold 
improve- 
ment 
in speed is possible. 
What is more, the ECl 
makes possible 
both wired-OR 
outputs 
and a single level 


of decoding 
for gates. 


Am685/Am686/Am687 


DESIGNING WITH HIGH SPEED 


COMPARATORS 


By Leonard 
Brown 


The Am685, 
Am686 
and Am687 
are a family of high-speed 


sampling 
comparators 
capable 
of detecting 
low-level signals of 


the 
order 
of 5-10mV 
in 12-15ns 
over the temperature 
range 


-55°C 
~ TA ~ 
125°C. The Am686 
is fully TTl-compatible 


and 
complementary 
outputs 
are available 
generated 
from 
a 


true 
differential 
output 
stage 
assuring 
a maximum 
output 


skew of under 2ns at 25°C. The Am685 and Am687 are single 
and 
dual 
ECl-compatible 
versions, 
respectively, 
and 
have 


output 
skews 
of 
less than 
1ns. A high-speed 
latch 
is incor- 


porated 
in the 
input 
stage 
permitting 
input 
signals to 
be 


acquired 
in 4.0ns 
maximum 
for the 
ECl 
versions 
and 6.0ns 


for the TTl 
device. 


Applications 
of 
the 
devices 
are 
not 
limited 
to 
high-speed 


designs 
as the combination 
of the excellent 
DC input charac- 


teristics, 
availability 
of 
true 
differential 
outputs 
and 
the 
latch 
function 
permit 
unique 
solutions 
for 
slower 
speed 


applications 
where 
the 
response 
time of the comparators 
can 


be considered 
negligible. 


The sampling 
comparator 
may be visualized 
as a conventional 


voltage 
comparator 
with 
the 
provision 
that 
the outputs 
may 


be latched 
into the logic states determined 
by the input signal 


conditions 
existing 
at the 
time 
of application 
of the 
latch 


signal. 
This 
is achieved 
by 
incorporating 
the 
latch circuitry 


in the 
input 
sfage of the device. 
The minimum 
latch enable 


pulse width 
is necessarily 
less than 
the 
propagation 
delay of 


the 
device 
and, therefore, 
the 
comparator 
can be unlatched 


for a fraction 
of its propagation 
delay (4.0ns for the Am685). 


The 
outputs 
will then 
change 
in accordance 
with 
the 
input 


conditions 
existing 
at the 
time 
of the 
latch signal. 
Note: 
It 


is impossible 
for 
the 
comparator 
to 
oscillate 
under 
these 


conditions. 


If the 
latch 
function 
is not 
used, 
the 
device 
operates 
as a 


conventional 
vo~tage comparator. 


Comparators 
are designed 
to 
have both 
high gain and 
large 


bandwidth. 
This 
creates 
instability 
problems 
or oscillations 


when 
the 
device 
outputs 
are 
in the 
transition 
region. 
The 


tendency 
of a device to oscillate 
is a function 
of the layout, 


(poor 
layout 
increasing 
the 
amount 
of feedback 
caused 
by 


parasitic 
capacitance) 
and the source 
impedance 
of the circuit 


employed 
(The higher the source 
impedance 
the less parasitic 


coupling 
is necessary 
to 
cause 
oscillation.) 
It is mandatory 


with 
comparators 
of the 
gain and bandwidth 
of the Am685, 
Am686 
and 
Am687 
to 
ensure 
that 
power 
supplies 
are well 


decoupled, 
lead 
l~ngths 
are 
kept 
as short 
as possible, 
and 


wherever 
possible 
(especially 
in the 
case of the 
Am686), 
a 


ground 
plane should 
be employed. 


In addition 
to 
reducing 
the 
effects 
of stray 
capacitance, 
a 


ground 
plane 
substantially 
reduces 
the 
possibility 
of 
the 


output 
current 
spike coupling 
back to the inputs 
through 
the 
ground 
lead when the TTl 
output 
stages switch. 


The minimum 
slew rate at which the input 
signal must cross 
the threshold 
region to prevent 
oscillation, 
regardless 
of the 
particular 
layout 
parasitics, 
may be determined 
by applying 
a 
DC voltage 
to the 
input 
until 
the circuit 
just commences 
to 
oscillate 
and increasing 
this voltage until the oscillation 
ceases. 


The 
minimum 
necessary 
input 
slew 
rate 
is then 
given by 


lW/tpd 
MIN, 
where 
f::,.V is the 
input 
voltage 
required 
to 
prevent 
oscillation 
and tpd MIN is the minimum 
propagation 
delay of the comparator. 


The 
minimum 
slew rate 
will be found 
to be a function 
of 
source impedance 
and source impedance 
mismatch. 


The curves of Figures 
1 and 2 show 
the minimum 
slew rate 


for the Am686 
as a function 
of source 
impedance 
and source 


impedance 
mismatch. 
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Figure 1. Minimum Slew Rate Versus 


Source Resistance 
(TO -5). 
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Figure 2. Minimum Slew Rate Versus 


Source Resistance 
(DIP). 
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Figure 3. Minimum Slew Rate Versus 
Source Resistance 
(TO-5 
& DIP)' 


It can be seen that 
unbalanced 
sources dramatically 
effect the 
minimum 
input 
slew rate 
required. 
Note that 
for optimum 


performance, 
the 
source 
impedance 
seen by the 
comparator 


should 
be both 
DC and AC balanced to reduce the differential 


feedback 
to a minimum. 


The effect 
of an AC unbalanced 
source is seen especially 
on 


the Am686 
as when 
the output 
switches, 
the output 
current 


spike is coupled 
back to the input. 
This can be eliminated 
by 
forcing 
the AC unbalance 
to result in positive feedback, 
which 


may be achieved by decoupling 
the inverting input or applying 


positive feedback 
via a 2-4pF capacitor 
from the 
Q output 
to 
the non-inverting 
input. 


The curves of Figure 3 illustrate 
the improvement 
in minimum 


slew rate 
when 
a small amount 
of positive 
feedback 
is em- 


ployed by virtue of a 2pF feedback 
capacitor. 


With 
low source 
impedances 
« 
50n), 
the 
majority 
of the 
feedback 
between 
the 
output 
and the 
input 
occurs 
internal 


to the device. As the source impedance 
is raised, external 
feed- 


back 
increases 
through 
the 
parasitic 
feedback 
capacitance 
until, 
at 
high 
source 
impedances, 
the 
external 
feedback 
dominates. 
This explains 
the anomolous 
characteristics 
of the 
minimum 
slew 
rate 
curves 
and 
suggests 
that 
the 
optimum 


source 
resistance 
for the 
device 
is between 
300 
and 500n 
for 
unbalanced 
sources 
and 
is approximately 
1000n 
for 
a 
balanced 
source. 


With a source 
impedance 
of lOOn, 
the minimum 
slew rate is 
0.15V IJ.ls 
for 
the 
DIP configuration 
and 
0.02V IJ.l.s 
for the 
TO-5. For balanced 
sources the minimum 
slew rate is 0.03V IJ.l.s 


for 
RS ;;;. lOOn 
and 
for a source 
impedance 
between 
1kn 
and 3kn, 
the 
minimum 
slew rate 
is <0.02V 
IJ.l.s regardless 
of 


impedance, 
DC imbalance 
or package type. 


The use of the feedback 
capacitor 
is recommended 
when: 


1. The input slew rate is within 
a factor 
of 2 greater than the 
minimum 
theoretical 
slew rate. 


2. System 
constraints 
do not 
permit 
optimisation 
of layout 


and lead lengths. 


3. Unbalanced 
sOUlce impedances 
are used 
(it is not 
always 


possible 
to provide input conditions 
which are both DC and 


AC balanced). 


It must 
be stressed 
that 
the 
concepts 
discussed 
concerning 
source 
imbalance 
and 
minimum 
input 
slew rate apply 
to all 


devices in the family. The Am686 was highlighted 
as it is more 
sensitive 
to layout 
constraints 
and parasitic 
feedback 
because 
of its significantly 
higher voltage gain. 


Similarly 
all of the 
applications 
which 
follow 
may be imple- 


mented 
with 
any device in the series provided 
due caution 
is 
exercised with regard to the different 
output 
logic levels. 


The principal 
problems 
in the design of a classical relaxation 


oscillator 
are: 


1. The 
variation 
in potential 
to 
which 
the 
energy 
storage 
device (normally 
a capacitor) 
is charged. 


2. The variation 
in the threshold 
level at which 
the capacitor 


is to be discharged. 


3. The 
variation 
inherent 
in the 
sensor 
element 
(normally 
a 


comparator) 
in detecting 
equivalence 
between 
the threshold 


level and the capacitor's 
instantaneous 
potential. 


The variations 
are all functions 
oJ both time and temperature 


and are the primary causes of frequency 
drift, symmetry 
error, 
and jitter. 


By taking advantage 
of two unique 
properties 
of the Am686, 
a relaxation 
oscillator 
may be designed 
to eliminate 
the first 


two problems 
and reduce the third to a second-order 
effect for 


oscillation 
frequencies 
from 1MHz to 30M Hz. 


The true 
differential 
output 
stage of the comparator 
ensures 


that 
the 
Q and Q outputs 
change within 
1-2ns of each other. 


This feature 
ensures 
that the outputs 
can never be in the same 


logic state 
instantaneously, 
either 
HIGH or lOW, and that the 


only time they are equal in voltage is when traversing 
the logic 


uncertainty 
levels. 
This 
property 
permits 
the 
design 
of 
a 


threshold 
setting 
circuit 
that 
varies 
in accordance 
with 
the 
charging 
voltage 
applied 
to the timing 
capacitor. 
Therefore, 
any change 
in charging potential 
is automatically 
compensated 


by a corresponding 
change in threshold 
level. 


Second, 
the 
combination 
of 
the 
short 
propagation 
delay 


7·10ns, the minimum 
difference 
in propagation 
delay between 
outputs 
and 
the 
stability 
of these 
delays 
with 
temperature 


assures square wave symmetry 
of better 
than 1% @ 1MHz and 


5% @ 25MHz and a frequency 
stability 
of 1% @ 10MHz and 


4%@25MHz. 


The above statements 
are true from device to device and over 


the operating 
temperature 
range of _55°C 
to +125°C. 
Over 


the industrial 
temperature 
range, a factor of two improvement 
should be obtained. 


CIRCUIT THEORY 
(Fig. 4) 


Assuming 
the 
circuit 
is in an oscillating 
mode, 
the voltage 
appearing 
at the non-inverting 
terminal 
will alternate 
between 


Vx and Vy where: 


R1 
Vx 
= ---- 
(VOH - Val) 
+ Val 
and 


(R1 + R2) 


R2 
Vy 
= --- 
(VOH - Val) 
+ Val 


(R1 + R2) 


When V+IN = VX, 
the 
timing 
capacitor 
C will 
be charging 


towards 
VOH, and when V+IN = Vy, the timing capacitor 
will 


be discharging 
towards 
Val. 


After 
the voltage 
on the 
capacitor 
equals 
the voltage on the 


non-inverting 
input, 
a finite 
time will elapse before the output 


of the 
circuit 
changes, 
during 
which 
time 
(the propagation 


delay 
of the 
Am686) 
the capacitor 
will continue 
to charge 


towards 
VOH, or discharge towards 
VOL. 


Therefore, 
the capacitor 
will charge to a voltage 


VA = VOH - e-tPHL/CR 
. (VOH - Vx) 


and discharge to a voltage 


VB = VOL + e-tPLH/CR 
. (Vy - VOL) 


where tpH Land 
tPLH = propagation 
delay of the Am686 
from 


the 
inputs 
to the 
output 
changing 
from 
HIGH - 
LOW and 


LOW - HIGH respectively. 


The time to charge from VB to VA which 
is the positive half 


cycle is given by: 


VA - VOL 


c=CR 
1n ---- 


VB - VOL 


Note: The only assumptions 
are: 


,. 
(VOH - 
VOL) of the 
Q output 
= (VOH - 
VOL) of the 
Q 


output. 


2. Offset voltage and offset current 
errors are negligible. 


3. etPLH/CR 
x e-tPHL/CR 
= 1 


The only factor 
affecting 
pulse width 
variation 
is, therefore, 
tpHL and tpLH. As tPHL > tPLH by 1-2ns, it is therefore 
antici- 
pated that t+ will be marginally 
greater than t-. 


For 
the 
Am686, 
it is specified 
that 
the 
minimum 
slew rate 
at the input to insure that the device will not oscillate 
in the 


transition 
region 
is 1VIlls. This will determine 
the minimum 
operating 
frequency 
of the circuit. 


av 
Vo 
-t/CR 
p=-=-xe 
at 
CR 


a) Vo = VOH - VB (assuming positive ramp) 


and 


b) t = CR 1n 
[( ~ 
+ 1) etPHL/CR 
-1) 


Rz 


As the 
slew 
rate 
is only 
critical 
in determining 
the 
lowest 


operating 
frequency, 
it may be assumed 
that 
etPHL/CR 
= 
(CR »> tPHL); therefore, 
Vo = VOH - VB"" VOH - Vy 


R, 
and, t = CR 1n 
Rz 


(VOH - VoLl 
R, 
Rz 
----- 
x ---- 
x - 


CR 
R, 
+ Rz 
R, 


tN-x 
CR 


p 
(R,/Rz 
+ 1) 


fMIN = -- 
x ----- 
2tN 
1n R,/R2 


The 
expression 
for 
minimum 
frequency 
indicates 
that 
an 
optimum 
ratio 
of 
R,/RZ 
exists 
that 
is independent 
of any 


particular 
RC time constant 
which may have been chosen. 


The 
ratio 
may 
be determined 
by differentiating 
fMIN with 


respect to R1/R2· 


R1 
R1 
R1 
1n--(-+1)/ 
- 
afM1N 
R2 
R2 
R2) 
-- 
p 
R1 
-- 
x 


(1n ~)2 
a- 
2tN 
R2 
R2 


R1 
R2 


1n- 
-1-- 
p 
R2 
R1 


-- 
x 
2/),V 
(1n ~)2 
R2 


a F 
0 
Setting 
a R1 
- 
R2 


R1 
1n- 
-1 
R2 


Therefore, 
the 
lowest 
frequency 
the 
oscillator 
will perform 


consistent 
with the 1V/JJ.sconstraint 
is: 


1 x4.6 
fM1N = ----- 
= .513MHz 
2 x 3.5 1n 3.6 


The presence 
of DC errors 
resulting 
from the bias and offset 


currents 
and offset 
voltage 
of the 
Am686 
will cause the Vy 
and Vx thresholds 
to be both shifted either positive or negative 


by an equal amount 
0V where 0V is the sum of all such errors. 


The magnitude 
of these effects 
may be calculated 
as follows: 


When the capacitor 
is discharging 
- 


1 


--VItI 


CR 


oV 


V(t1 ) 


-oVCR 


V(t2) 


""t- Negative Pulse Width Change = 


ot2 -Ot1 
= oVCR 
V(t2) -V(t1) 
V(t1) 
V(t2) 


As Vx 
= Vt1' Vy 
= Vt2 


oVCR (Vy -Vxl 


""t- = ------ 
VxVy 


-t/CR 
VItI 
= Vo (1 - e 
) 


1 
Whence, dv/dt 
= - 
(Vo - V(t)) 


CR 


oVCR 


Ot2 =--- 
Vo - Vt2 


( 
1 
1 ) 
Vx -Vy 
At+ 
= oVCR 
- 
- 
- 
= oVeR 
--- 
= -At- 


Vy 
Vx 
VXVy 


:. Offset 
errors do not affect the frequency 
of oscillation, 
only 


the symmetry 
of the wave shape. 


Vy 


x 100% where T = CR 1n- 
Vx 
2T 


2L'1t+ 
-- 
x 100% 


2T 


oVCR (Vx - Vy) 


Symmetry 
is worse for maximum 
value of Vx - Vy. Maximum 


value of Vx - Vy 
occurs 
when 
R, 
and R2 are arranged 
for· 


minimum 
operating 
frequency, 
i.e., R, /R2 = 3.6 


VXNy 
= 3.6 


1 


VXVy 
= - 
VOH x 
4.6 


3.6 
- 
VOH 
4.6 


Note: 
1. For any given ratio 
of R, : R2 (i.e., Vx 
and Vyl. 


offset 
voltage 
Symmetry 
error 
is independent 
of 


frequency. 


2. Symmetry 
improves to .33% @ R,: R2 
= 2.5 


If it is necessary 
to extend 
the lower limit of the. oscillation 


frequency, 
a small amount 
of positive 
feedback 
may be intro- 


duced 
by connecting 
a 2-4pF capacitor 
between 
the Q output 


and the 
no~-inverting 
input. 
This will decrease 
the minimum 


input 
slew rate required 
and enable oscillation 
frequencies 
of 


1kHz to 
be achieved 
without 
spurious 
oscillations 
occuring 


on the rising or falling edges of the waveform. 
At frequencies 


below 
1MHz, 
it is not 
necessary 
to take 
into account 
any 


potential 
frequency 
shift this additional 
feedback 
introduces. 
(Above 
1MHz, 
it 
is not 
necessary 
to 
use this 
additional 


feedback.) 


50 


-2+ 


-4+ 


Figure 7. Percentage 
Change in Frequency 
Versus 
Case Temperature. 


-j.1- 


S.~)ll00 
n I 


A+B 
:=J U 
-jAr- 


Figure 11. 
Output 
Waveform at 24 MHz and Expanded 
Falling Edge Exhibiting 
<50 ps Jitter. 


Figure 12. 
Change in Pulse Width and Jitter from 25° C to 
125°C, f = 10MHz. 


Figure 13. 
Expanded 
Fall Time Showing Change in Pulse 
Width from 25°C to 125°C, f = 1.0MHz, 
(Jitter ~ 300ps). 


Figure 14. 
Circuit and Component 
Values used in 


Obtaining 
Performance 
Characteristics. 


VIN~Cl 


It 


::: I 
;r"'","~o" 


10 12 
20 
30 
mV 


MAXIMUM 
INPUT PULSE WIDTH 
MINIMUM 
INPUT PULSE WIDTH 


MAXIMUM 
REP. RATE (20n5, 20mV) CONTINUOUS 
MAXIMUM 
REP. RATE (20ns, 20mVI 
CONTINUOU5w/o 
RA• Bee 


• 
Al-5.1kfi 


R2- 
ton 


R3 = R4• 
lkn 


c, .,470pF 


Cf- 
2pF 


•• 
240n5 


lons 
> 25MHz 
"" 12MHz 


The input resistance 
is essentially 
determined 
by R4 which was 


chosen 
to be 1kS1 on the 
basis that 
most sources 
wou Id not 


be 
unduly 
loaded 
at this 
value 
and 
consequentially 
higher 


values would 
make the circuit excessively 
prone to oscillation. 


To minimize 
bias current 
errors, 
the inverting input is connec- 


ted 
to the 
10mV reference 
source 
(Rl 
and 
R2) through 
an 


equal-valued 
resistor 
(R3). 


Positive 
feedback 
is provided 
by Cf which 
provides 
a 50- 


60mV, 
3-4ns pulse, significantly 
improving 
the switching 
time 


and narrowing 
the uncertainty 
region for pulses just in excess 


of the 1OmV threshold. 


The peak signal at the 
input 
will now be only 
15mV; there- 


fore, the maximum 
repetition 
rate consistent 
with providing a 
Vy 
5.0mV overdrive is 1/80ns or 12.5MHz. 


Therefore, 
the circuit will only successfully 
detect 
20mV, 20ns 


signals if: a) the pulse train 
is';; 
10 pulses or b) the repetition 


rate';; 
12M Hz. 


To compensate 
for these 
problems, 
a DC feedback 
signal is 
generated 
by RA, RB and CC, which adjusts the reference 
level 


accordingly. 


RA and Cc form 
a low-pass filter that gives a maximum 
DC 


level of 1.7 volts at a 1:1 duty 
cycle. 
At this duty 
cycle, it 


is required 
to reduce the reference 
level by 5mV to maintain 


adequate 
overdrive. 
RBand 
R4 form an 
attenuator 
and the 


DC voltage 
level returned 
to the 
non-inverting 
input 
= 1.7V 


x R4/(R4 
+ RB) = 4.3mV. 
Using this 
network 
permits 
the 


circuit to work up to 25 MHz, or better than a 1 : 1 duty 
cycle 


and 
removes 
the 
limitation 
imposed 
by 
the 
input 
A-C 


coupling. 


Capacitor 
Cl 
provides 
A-C coupling 
and 
thus 
isolates 
the 


circuit from slowly varying signals which may be superimposed 
on the signal to be detected. 
Such 
is the case for a detector 


sensing 
the 
output 
from 
a fibreoptic 
cable receiver. The A-C 


coupling 
imposes additional 
constraints; 
namely, the repetition 


rate and duty cycle of the input signal. 


The 
signal which 
is seen 
by the 
non-inverting 
terminal 
and 


then 
compared 
to the 
reference 
is not simply the peak value 


of the 
input 
pulse 
but the 
peak value less the average 
D.C. 


value of the input signal. 


Assuming 
a 20mV 
input 
pulse, 20ns wide and repeated 
every 


20ns, the signal seen across R4 will be as follows; 


By the 
ninth 
pulse, the peak signal will be 15.2mV 
dropping 


to 14.6mV 
by the end of the pulse; thus, after a pulse train 


of ~10 
pulses, the detector 
will not detect the incoming signal. 


Additionally, 
consider 
the case of a 20ns pulse repeated 
every 


60 nanoseconds. 


Note: 
The response 
time 
of the 
feedback 
path 
must 
be the 


same as the 
input 
network; 
i.e., RACC = R4Cl 
in order for 


the 
feedback 
to follow 
rapid 
changes 
in repetition 
rate 
or 


duty cycle. 


Commercially 
available 
one-shots 
encounter 
problems 
in the 


generation 
of 
narrow 
« 
lOOns) pulses. 
Namely, 
there 
is a 
significant 
delay 
between 
the 
input 
pulse 
and 
the 
output 


pulse 
of 
the 
order 
of 20ns 
and 
the 
resultant 
output 
pulse 


width 
is highly temperature 
dependent 
due to the variation 
in 


internal delays with temperature. 
Second, the input pulse must 


be of the 
logic level for the type 
of logic employed 
in the 


design - TTL, DTL, RTL, etc. Thus, the circuits are incapable 
of responding 
to low-level input 
signals in the millivolt 
range. 


The Am685 
series of sampling 
comparators 
can be employed 


in the design of a custom 
one-shot 
to overcome 
both of these 


problems_ 


Figure 18 shows 
the 
design 
of a monostable 
employing 
the 


Am686 
to generate 
precision 
output 
pulses 
in the 
20-100ns 


range and the values shown are for a 50ns pulse width_ 


The 
circuit 
triggers 
on the 
negative-going 
edge of the 
input 


pulse 
and 
the 
Q output 
switches 
high. The output 
signal is 


attenuated 
by RA and 
RB to keep the coupled 
pulse inside 
the 
common 
mode 
limits 
of the 
device. 
The output 
remains 
high until 
the voltage 
on the non-inverting 
input reaches the 
threshold 
set by R1 and R2. In order that the pulse width be 
independent 
of the 
input 
pulse amplitude, 
it is important 
to 
make the 
input 
time 
constant 
small compared 
to the desired 
output 
pulse width. 


A unique 
feature 
of the 
circuit 
is the 
use of the differential 


outputs 
of the device to set the threshold, 
Vth thus providing 


temperature 
compensation 
and 
a reduction 
in pulse 
width 


variation 
from device to device. 


Diode 
01 
shortens 
the recovery 
time of the timing capacitor 


and permits 
retriggering 
30ns after the end of the pulse with 


less than a 5% change in pulse width. 


Complete 
isolation 
of the input signal and the timing network 


may be achieved 
by employing 
the 
latch function 
as shown 


below: 


When the input signal exceed VREF, the output 
will switch and 
latch the comparator 
in the high state. When timing capacitor 


charges to the latch threshold, 
the latch will become 
disabled 
and the 
output 
will switch 
back to zero, providing 
the input 
is now below VREF. 


The advantages 
of this approach 
are: 
1. No interaction 
between 
input 
signal and timing capacitor. 


2. The 
input 
threshold 
set by VREF 
is independent 
of the 
timing threshold. 


Thus, the input threshold 
can be varied from millivolts to volts. 
A practical 
circuit 
is shown: 


The 
circuit 
is applicable 
for 
situations 
where 
accuracy 
of 


trigger threshold 
is important, 
a large variation 
in input signal 
level is expected 
or the 
input 
signal 
level 
is low. 
Timing 


accuracy 
(pulse width) 
is independent 
of the amplitude 
of the 


input 
pulse, but the 
output 
pulse width 
varies with tempera- 


ture 
in accordance 
with 
the temperature 
dependence 
of the 


latch threshold 
(- 3.0mV fc for Am686l. 


Comparators 
are 
frequently 
employed 
in systems 
where 
it 


is required 
that the transfer 
function 
contain 
a defined 
amount 
of 
hysteresis. 
Conventional 
comparators 
employing 
positive 


feedback 
can be used to generate 
hysteresis 
as shown 
below: 


Drawbacks 
of this technique 
include: 


1. Response time of hysteresis 
loop;;' 
comparator 
propagation 


delay 


2. Hysteresis varies with VOH and VOL changes 
3. Hysteresis 
is not centered 
about 
zero unless an additional 
reference 
is used. 


By utilizing 
the 
latch function 
on the 
Am685, 
Am686 
and 


Am687, 
hysteresis 
can be inserted 
in a manner 
to overcome 


these drawbacks; 
namely: 
1. Response 
time 
of hysteresis 
loop 
«propagation 
delay 


2. Hysteresis 
not affected 
by VOH and VOL changes 
3. Hysteresis 
is symmetrical 
about zero. 


4. Full input differential 
capability 
maintained 
over complete 
com!Jlon mode range. 


The hysteresis 
is obtained 
by applying a slight bias to the latch 
inputs. 
The technique 
is illustrated 
in the 
test circuit 
shown 


for the Am687. 


VD 


JO.l~F 


..x.. ~o 
SWEEP 
V,N 


The 
hysteresis 
is essentially 
symmetrical 
about 
zero 
and 
between 
±5 and ±50mV 
of hysteresis 
can be generated 
before 


the 
relationsh ip between 
the latch voltage and the thresholds 
become too sensitive. 


The hysteresis 
is independent 
of changes in the positive supply 
voltage 
and 
the 
input 
common 
mode 
range and varies only 


with changes in temperature 
and negative supply voltage. 


Am687 


~VIN 
VH=if 


4.78 
-'.°15.2 
VH"/om. 
v 
-2.0 
-3.0 


-4.0 


-5.0 


VH·120mV 


Figure 25. 
Change in Hysteresis Versus Change in 
Negative Supply Voltage. 


The outputs are open emitters; therefore external pull-down resistors 
8" 
required. 
These rniltors 
may be in the '<!logeof SO-200n 
coonected to -2.QV. or 200-2000n connected to -5.2V. 
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ELECTRICAL 
CHARACTERISTICS 
OVER 
THE 
OPERATING 


TEMPERATURE 
RANGES 
(Unless Otherwise 
Specified) 
Am687A-L 


DCCharacteristics 
Am687-l 


Symbol 
P.rilmeter 
Condition. 
INo•• 31 
Min. 
Max. 


Am687A-M 
Am687-M 


Min. 
Max. 


Vo, 
InpulOfhet 
Voltage 


As •• ,00n,TA-2S"C. 
-3.0 
+3.0 
-2.0 
+2.0 
mV 


AS •• lOOn 
-3.5 
+3.5 
-J.O 
+3.0 
mV 


AVos/AT 
AverageTemperatu"Coeflic;enl 
AS C; loon 
-'0 
''0 
-'0 
''0 
,.vfc 
of InpulOllltlVOlu,ge 


'0' 


InpulOffsetCurrenl 
25"C < TA, <TAlmu..l 
-1.0 
+1.0 
-1.0 
+1.0 
,A 


T,,-T"(m,n.l 
-1.3 
+1.3 
-1,6 
+1.6 
.. 


'. 


Inpul 
8'M Currenl 
25-C<:TA..<:T"lmax.l 
'0 
10 
,A 


T,,-TA(m,n.l 
13 
16 
,A 


VOM 
Inpul VOltllge Range 
-J.3 
+2.7 
-3.3 
+2.1 
v 


CMRR 
Common 
Mode Rejection 
Ralio 
RS <: 1000, 
-3.3 
<: VCM <: +2.1V 
80 
80 
dB 


SVRR 
Supply 
VollegeRe;eclion 
Ralio 
Rs<:1000.6Vs-1S'lo 
" 
" 


dB 


T" 
-2S-C 
-0.960 
-0,810 
-0.960 
-0.810 
V 


VOH 
Ou,pu, 
HIGH Vol,~ 
T" 
-TA!m,nJ 
-1.060 
-0890 
-1.100 
-0.920 
V 


TA -TA(max.! 
-0.890 
-O"Xl 
-0850 
-0.620 
V 


T" 
-2S-C 
-1.850 
-1.650 
-1.850 
-1.650 
V 


Voc 
OU,pul 
LOW Vol'~ 
T,,-T"(m,nJ 
-1.890 
-1,615 
-1910 
-1.690 
V 


T,,"T"lmu.) 
-1.825 
_1.625 
-1.810 
-1.515 
V 


" 


PO$iliveSupp)yCurrenl 
35 
32 
mA 
,- 
Negalive 
Supply 
Current 
.. 
... 
mA 


PolSS 
Power 
D,ni~tion 
.., 
.80 
mW 


tpdt. 
tpd_ 
PfO~"on 
Oeley. 
"m681" 
T,,(mmJ 
<: TA <: 25-C 
80 
'_0 
0' 


T,,-T"(mu.l 
10 
12.5 
0' 


'9d+.IPd- 
ProPll\plion 
Delay. 
"m681 


T"(mon.l<:TA<:25-C 
10 
,. 
0' 


T,,-T"(muJ 
14 
20 
0' 


" 


Minimum 
Latch Sel·up 
Time 
TA- 
2S·C 
'0 
'0 
0' 


No".· 
2. o.rl" 
I' 9mWI'C 
10' o~r.,;on.t 
••.••Oi.nt temperllur 
••• bov. 
'llS·C. 


JUn 
•••• 
o,h ••.w, •• _11;.-1 
V· 
• 'S.OV. 
V- • -S.2V. 
VT __ 2.0V. 
I"d 
R •• _ son; 
III _,Ich,,,g 
ch ••.actl ••Uoc•••.• 
10' I 100000V'''PU' 
"'P 
wllh 
SmV o_d.i 
••1 Th. 
opecificl'ion.g, 
••I" 
lor Vo•• '0 •• 'B. CMRR, SVRR. 
Ipd' 
.nd 
'pd_ 
.p'p'''' 
ove< thl 
full VCM ••••ga.nd 
10< .S"" ••.•p'pt'" ••olta9'"o 


Thl 
"m6B7 
.nd 
"m687" 
••• d•• ,~1d 
'0 ", •• , "'I _.,oe..••••...• 
Di••_ 
;" ••••••••• ,. _" •••••• 
, ••••' oqUll,br,u", 
h•• _ 
"'lIO',""'" 
••"m. 
Ir.n •. 


••••••••• 
tlowof 
500 LFPM 0<" 
•• ,,,. 


FUNCTIONAL DIAGRAM 
DC Characteristics 
Am685·L 
Am685·M 
Symbol 
Parameter 
beedefiniliO'lI1 
Conditions 
(NOle 31 
Min. 
Max. 
Min. 
Max. 
Units 


Vos 
Input 
OffMI 
VOIU9I 
RS<l00n.TA-25°C 
-2.0 
+2.0 
-2.0 
+2.0 
mV 
-~'·W··_' 


AS<l00n 
-2.5 
+2.5 
-3.0 
+3.0 
mV 


A...e'ege Tempe.alure 
Coefficienl 
t:NOsJt:.T 
of Inpoul OffMI 
VoIU\J8 
RS<l00O 
-10 
.10 
-10 
'10 
/lVI 
C 


INVERTING 
_ 
OO\JTPUT 


InputOHMICu,renl 


TA·2s"C 
-1.0 
+1.0 
-1.0 
I 
+1.0 
.A 
'"'"' 
'OS 
-1.3 
+1.3 
-1.6 
+1.6 
.A 


RL 
AL 
TA-2s"C 
'0 
10 
.A 


'B 
Inpul 
B,asCurrent 
" 
" 
.A 
LATC>lEH.••8U 


R'N 
Input 
Resillance 
TA _25°C 
6.0 
60 
kO !] 


" 
CON 
InputCa~citenCit 
TA-25·C 
3.0 
3.0 
pF 


Th, 
outputs 
are 
open 
emitters, 
therefore 
external 
pull- 
VCM. 
Input 
Volt. 
R.nlllt 
-3.3 
+3.3 
-3.3 
+3.3 
V 


do~ 
resistors 
are 
required. 
These 
resistors 
may 
be 
in 
eMRR 
Common 
Mode Rejection 
Retio 
RS < 100 n, 
-3.3 
< VCM < +3.3 V 
'" 


80 
dB 


"', 
range 
of 
5O-2OOn 
connected 
to 
-2.0 
V, 
or 
200- 
SVRR 
Supply 
Volttlge 
R.jection 
Rtltio 
RS < lOOn, 
t:.VS· 
.5" 
70 
70 
dB 
2OQOn 
connected 
to 
-5.2 
V. 
TA ·2S"C 
-<>.960 
-o.Bl0 
-<>.960 
-0.810 
V 


VO" 
Output 
HIGH Volt. 
TA - TA{mln.l 
-1.060 
-<>.B90 
-1.100 
-0.920 
V 
lIC-118 
TA·TAlrT\tIlI.l 
-<>.B90 
-(1.700 
-0.850 
-0.620 
V 


TA·25·C 
-1.850 
1.650 
-1.850 
-1.650 
V 


VOL 
OUlputLOWVolltl91 
TA-TA(min.l 
-1.890 
-1.675 
-1.910 
-1.690 
V 


TA-TA1tntlll.l 
-1.825 
-1.62S 
-1.810 
-1.S75 
V 


" 


Pas<ti"" 
Supply 
Cu ••..,t 
22 
22 
mA 
,- 
N.ti 
••••SuPPly 
Currenl 
26 
26 
mA 


POISS 
Power 
O,ss;~tion 
300 
300 
mW 


CONNECTION DIAGRAMS 


Metal Can 
Top Views 
DUll-ln-line 
Switching Characteristics 
(Vin 
- 
l00mV, 
Voct 
= 5mV) 


Input 
to Output 
HIGH 


TA(min.l<TA<25'"c 
'.S 
6.S 
'.S 
6.S 
"' 


~ 
-Bf 


'•... 
TA·TAlm 
•••. 1 
S.O 
9.S 
S.S 
" 


m 
.' 
,., 
"'I 
toe 
T Almin.l 
< T A < 25°C 
'.S 
6S 
'.S 
6.S 
"' 
1 
'0. 
_,~."OOG 
l' 
"toe 
'...- 
Inout 
to Outout 
LOW 
TA ·TAllTI/Ill.1 
'.0 
9.s 
... 
" 
", 
_'''''''.''M(; 


'-"" 
.' 
.OOUT"'" 
"':::":;':~ 
• 
_ 
,toe 
Utd'! 
E•••blt to OutPUt 
HIGH 
TA(min.l<TA<25·C 
..• 
6.S 
.. 
6.' 
"' 
JIC 
I 
,IIOUTOU'T 
tl)d+IE) 


(NOt. 4) 
TA-TAIlTI/IlI.l 
'.0 
9.' 
... 
" 
"' 
'i'"":;;M(; 
1 
- 
,OOUT"'" 


,,:~,, 
"OOUT"Ut 
LtItch EntlblllOOU'PU' 
LOW 
TAlmin.) 
<TA<25 
C 
... 
6.' 
... 
6' 
", 
.,;;,,~c..': • 
I 
• 
JIC 
toe, 
'0 
toe 


'PeI_(EI 
INote4) 
TA-TA(m 
•• .l 
'.0 
9.' 
... 
" 
"' 


..•- 
•• 
JIC 
Minimum 
$IIt ..••o Time INolII 4) 


TA(min.) 
<TA<2S"C 
3.0 
3.0 
"' 
.. 


TA·TAltntllI.l 
'.0 
6.0 
", 
NOt. 
,: 
On 
m.t.1 
Ptlck.lI'II. 
pin 
5 is conn.cted 
to eu •. 


On 
DIP, 
pin 
8 is conne<;ted 
to 
cu •. 
'" 
Minimum 
Hold Ti •••• (Note 
41 
T A(minl 
< T A < T AIm •• .! 
0.0 
0.0 
"' 


M;,limum 
utch 
Eneble PulM Width 
TAlmin.) 
<TA"'25 
C 
3.0 
3.0 
"' 
UC-120 
L1C·121 


IpwIE) 
\Note4) 
TA-TA(m 
•• .) 
'.0 
5.0 
"' 


"".,""",",~.o""", 
iNPUT 


i"'':'~;~NG 
_ 
0 OUTPUT 


LATCHEN••••U 


NOTES: 
2: 
Fo •• h. 
me •• 1 eln 
p.ek.o-. 
<H,., ••• 
6.8 
mWI'"C 'or 
ope,.'ion 
.t 
Imbi.,t 
'.m_.tu 
•••• 
_. 
'l00°C; 
10< the dUlI_in_linl 
Oecklo-, 
dl, •••• 
t 


9 mW/'C 
10' ope<.,ion.t 
.mbo.'" 
t.mpe'.tu, 
••• 
~ 
.IO~C 
J: 
Un •••• Oth_, 
• 
.,..,il;ed 
V' 
'"II.OV, 
V- __ 5.2V. 
VT'" 
-2.0V, 
.nd,R 
•.•• 50n;.11 
_itd"ngchlrect." 
••lc•• ".0'.100 
mV input 
""P 
••••th 


5 mV 
o..•••dOv •. 
Thl 
'OKilie.tionl 
glvln 
10. VOIOo10•. Ie, 
CMRR, 
SVRR, 
'pd' 
Ind 
'pd- 
IPply 
OVI' .hl 
lull 
VCM ,.nllll."d 
10' '5'" 
oupply 


vOlt.llII" 
Th. 
Am6e5 
io <H.ig""d 
10 m•• , 'he 
loecllie.llo". 
gl..••n In the 
IIIbl•• 
1111,,h.,m.i 
lI'quilibrium 
h•• be.n 
","bilihed 
with. 
Ir.n ••.•••• 
• 1,.101'001500 
LFPMor 
gr•• ,.,. 


4: 
Owing 
to 
thl 
d,fI,eult 
.nd 
ed.ic.l 
n.,u •• 
01 Iw'tehlng 
m••••• '.me" 
•• involving 
,he 
I.teh, 
.he •• pa,.melll" 
ean no' 
be lined 
in p'oduc 
••on 


E••gin ••• ;ngd ••• 
indic ••••• 
h.' 
•• I•••• 
95"'of'heu 
••i•• w,1I ••••• t thel9lC,f1cet,onoll;v"', 


ELECTRICAL 
CHARACTERISTICS 
OVER 
THE 
OPERATING 


TEMPERATURE 
RANGES 
(Unless Otherwise 
Specified) 


Conditions 
(Note 
3) 


RS<100n.TA·2SoC 


As< 
loon 


Am686-C 


3.0 
3.' 


10 
"vfc MAX 


1.0 
--t- 
"A 
MAX~. 


1.6 
I 
/lAMAX 


10 
pAMAX 


16 
pAMAX 


+2.7, 
J.3 
VMI~= 


80~. 


70 
d8MIN 


2,S 
....•. 
VMIN,- 


0_5 
VMAX~ 


'0 
F:AMAX.~ 
32~ 
mAMAX~ 


400 
mW MAX, I 


25·C 
<TA<TA 
Im•• J 


TA-TA(min.l 


25·C 
< T A < T A Imtlll.1 


~lm,n.1 


0.0 


o.J 


10 
" 
-+2.7,3.3 


BO 


7<l 


Input 
Voltage 
Re-",,--- 


Common 
Mode Rejeetion 
Re~ 
AS <1000, 
-3.3V 
< VCM '" +2.7V 


:: 
:~~:9It ~:tiOn 
Allio 
r ~LS_<_I'~:A. 
VS. 
Vs (m,n~ 


Outpul 
LOW Voltage 
- 
"L· 
10mA, 
VS-- 
Vs 1m.,..) 
- 


POlil,veSupplyCurrenl 


NllGlti..•eSupplyCurrent 


Po-rDiSSl~tion 


Pro~lionDeley. 
Input 
to Output 
HIGH 


P,opagalion 
Delay. 
InpultoOUlputLOW 


TA{minl< 
TA < 2SoC 


TA'"TA(mtl 
• .1 


TA(min.)<TA<25~ 
- 


~A·T~ltntl".J 
~ 


TA.25°C 
"-J-" 
IS 
15 


12 
12 


lS 
15 


+--~MAX 


nsMAX 


nsMAX,- 


ns~ 


nsMAX 


NO'e" 
2. :::"wt~';':,t~~~:tl~'::'~:O:,:,,:I:~ 
•••••::.p~~U~:.~bt;;. 
~~~!gon 
., 
Imb'.nt 
'emp •••• u••• 
Ib"". 
'9S'C; 
'0' 
'he 
du.I_In_lin. 
pl<:k.Itt, 
d.'.I 
••• 


3. 
~n~.1 
1~:::-;~M5.-=~lj.:'~,~.:v: 
'5 
OV. V- 
'" -6.0V 
.nd 
.h. 
Lltel'l 
Enabl. 
input 
,".' 
Val. 
TI'I. 
Iwitehong 
eh"K, 
•• 'It'U 
"'. 
10' 
• 
l00mV 


Th ••••• !pun 
01 the Am686 
••• 
un,,"e.le 
wh_ 
bilMd 
,n'o 
t"." 
,.-.,. 
""I'll- 
In •••.d•• to p•••. _, 
OIC;U."on 
Ih••• 
t.OI 
ch ••••• 
01 ttI. 
Inpu ••• ., •• 


••• it p••.••• th •••••lIIt ,h •• h' •••.•old 01 .h.comp 
••• tO' mUltDe 
•• ,_. 
lVI",s. 
FO' 1101'0'" input 
I,gn.l •••••••• 
I1••••••••nt 01 ex •••.n.' 
PQt'\,v.I 
•• dt>-=k 


mav De IPpli.d 
.' ••••nd the eomp.,"to, 
to g've ~ I•••• millivol,. 
01 hV"""'" 


ALPHA 
NUMERIC 
INDEX 


~ 


FUNCTIONAL 
INDEX 
SELECTION 
GUIDES 
1 
INDUSTRY 
CROSS REFERENCE 
DICE POLICY 
ORDERING 
INFORMATION 
MIL-M-38510/MIL-STD-883 


~ 


COMPARATORS 
2 


~ 


DATA CONVERSION 
PRODUCTS 
3 


~ 


LINE DRIVERS/RECEIVERS 
4 


~ 


MOS MEMORY 
AND MICROPROCESSOR 
INTERFACE 
5 


~ 


OPERATIONAL 
AMPLIFIERS 
6 


~ 


SPECIAL 
FUNCTIONS 
7 


~ 


VOLTAGE 
REGULATORS 
8 


~ 


PACKAGE 
OUTLINES 
9 


GLOSSARY 
AMD FIELD SALES 
OFFICES, 
SALES 
REPRESENTATIVES, 
DISTRIBUTOR 
LOCATIONS 


AmDAC-08 
LF198 
LF298 
LF398 
Am1508/1408 
SSS1508A/1408A 
Am2502 
Am2503 
Am2504 
Am25L02 
Am25L03 
Am25L04 
Am6070 
Am6071 
Am6072 
Am6073 
Am6080 


8-Bit High-Speed 
Multiplying 
D/A Converter 
. 


Monolithic 
Sample 
and Hold Circuits 
. 


Monolithic 
Sample and Hold Circuits 
. 


Monolithic 
Sample and Hold Circuits 
. 


8-Bit Multiplying 
D/A Converter 
. 


8-Bit Multiplying 
D/A Converter 
. 


8-Bit/12-Bit 
Successive 
Approximation 
Registers 
. 


8-Bit/12-Bit 
Successive 
Approximation 
Registers 
. 


8-Bit/12-Bit 
Successive 
Approximation 
Registers 
. 


Low Power, 8-Bit/12-Bit 
Successive 
Approximation 
Registers 
. 


Low Power, 8-Bit/12-Bit 
Successive 
Approximation 
Registers 
. 


Low Power, 8-Bit/12-Bit 
Successive 
Approximation 
Registers 
. 


Companding 
D-to-A Converter 
for Control Systems 
. 


Companding 
D-to-A Converter 
for Control Systems 
. 


Companding 
D-to-A Converter 
for PCM Communication 
Systems 
. 


Companding 
D-to-A Converter 
for PCM Communication 
Systems 
. 


Microprocessor 
System 
Compatible 
8-Bit High-Speed 
Multiplying 


D/A Converter 
. 


Microprocessor 
System 
Compatible 
8-Bit High-Speed 
Multiplying 


D/A Converter 
. 


Application 
Notes 


Companding 
DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-96 


3-1 
3-7 
3-7 
3-7 
3-14 
3-14 
3-18 
3-18 
3-18 
3-24 
3-24 
3-24 
3-28 
3-40 
3-52 
3-64 


AmDAC-08 
8-Bit High Speed Multiplying D/A Converter 


• 
Fastsettling output current - 85nsec 


• 
Full scalecurrent prematched to ±1.0 lSB 


• 
Direct interface to TTl, 
CMOS, ECl, 
HTl, 
NMOS 


• 
Nonlinearity 
to ±0.1% max over temperature range 


• 
High output impedanceand compliance 


-10V 
to +18V 


• 
Differential current outputs 


• Wide rangemultiplying capability 


1.0MHz bandwidth 
• 
low FS current drift - ±10ppm;oC 


• 
Wide power supply range- ±4.5V to ±18V 


• 
low power consumption - 33mW @ ±5V 


The 
DAC-08 
series of 
8-bit 
monolithic 
multiplying 
Digital- 
to-Analog 
Converters 
provide 
very 
high 
speed 
performance 
coupled 
with 
low cost and outstanding 
applications 
flexibility. 


Advanced 
circuit 
design 
achieves 85 nsec settling 
times with 


very 
low 
"glitch" 
and a low 
power 
consumption. 
Monotonic 


multiplying 
performance 
is attained 
over more than 
a 40 to 1 


reference 
current 
range. Matching 
to 
within 
1 LSB between 


reference 
and full 
scale currents 
eliminates 
the 
need for 
full 


scale trimming 
in 
most 
applications. 
Direct 
interface 
to 
all 


popular 
logic families 
with 
full 
noise immunity 
is provided 
by 
the high swing, adjustable 
threshold 
logic inputs. 


High voltage 
compliance 
dual complementary 
current 
outputs 
are provided. 
increasing 
versatility 
and 
enabling 
differential 


operation 
to effectively 
double 
the peak-to-peak 
output 
swing. 


In many applications, 
the outputs 
can be directly 
converted 
to 
voltage without 
the need for an external 
op amp. 


Order 
Number 


DAC-08AQ 


DAC-08Q 


DAC-08EQ 


DAC-08CQ 


DAC-08HQ 


DAC-08HN 
DAC-08EN 


DAC-08CN 


All 
DAC-08 
series models 
guarantee 
full 
8-bit 
monotonicity, 


and nonlinearities 
as tight 
as 0.1 % over the 
entire 
operating 


temperature 
range are available. 
Device performance 
is essen- 


tially 
unchanged 
over the ±4.5V 
to ±18V 
power supply 
range, 


with 
33mW 
power 
consumption 
attainable 
at ±5V 
supplies. 


The 
compact 
size 
and 
low 
power 
consumption 
make 
the 


DAC-08 
attractive 
for portable 
and military/aerospace 
applica- 


tions. 
All devices are processed to M I L-STD-883. 


DAC-08 
applications 
include 
8-bit, 
1_0J1secA/D 
converters, 
servo-motor 
and 
pen 
drivers. 
waveform 
generators, 
audio 
encoders 
and attenuators, 
analog meter drivers, 
programmable 


power 
supplies, 
CRT display 
drivers, 
high speed modems 
and 
other 
applications 
where 
low 
cost, 
high 
speed and complete 


input/output 
versatility 
are required. 


I 
_______ 
dJ 


Temperature 


Range 


_55°C 
to +125°C 


_55°C 
to +125°C 


O°C to +70°C 


O°C to +70°C 


O°C to +70°C 


O°C to +70°C 
O°C to +70°C 


O°C to +70°C 


Nonlinearity 


±.1% 


±.19% 


±.19% 


±.39% 


±.1% 


±.1% 
±.19% 


±.39% 


CONNECTION 
DIAGRAM 


Top View 


THRESHOLD 
COMPENSATION 
CONTROL 


lOUT 
VAEF(-) 


y- 
VREF(+) 


lOUT 
y+ 


MS881 
Ba LSB 


B, 
B, 


B, 
B. 


B. 
Bs 


AmDAC-08 


MAXIMUM 
RATINGS 
(TA = 2SoC Unless Otherwise 
Noted) 


Operating 
Temperature 


DAC-08AQ, Q 


DAC-08EQ, 
CQ, HQ 


Storage Temperature 


Power Dissipation 


Derate above 100° C 


Lead Temperature 
(Soldering, 
60 see) 


-SSoC 
to +12SoC 


O°C to +70°C 


-6SoC 
to +1S0°C 


SOOmW 


10mWfC 


300°C 


V+ supply to V-Supply 


Logic Inputs 


VLC 
Analog Current 
Outputs 


Reference 
Inputs (V14, V15) 


Reference 
Input Differential 
Voltage 
(V14 to V15) 


Reference 
Input Current 
(114) 


V- 
to V+ plus 36V 


V- 
to V+ 


See Fig_ 12 


V- to V+ 


±18V 


S.OmA 


ELECTRICAL 
CHARACTERISTICS 
(Vs = ±1SV, 
IREF = 2.0mA) 


AmDAC-08A 
AmDAC-08H 


Resolution 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Bits 


Monotonicity 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Bits 


Nonlinearity 
TA=MIN.toMAX. 
±0.1 
±0.,9 
±0.39 
%FS 


T +' /2 LS8 
IIb· 'I~AC-08A 
85 
135 
85 
135 
0_ 
,a 
Its 
DAC.()8 


ts 
Settling 
Time 
switched ON oc.oFF I: 
ns 


TA = 25·C 
~~~:~ 
85 
'50 
85 
'50 


tPLH. 
Propagation 
Each Bit 
35 
60 
35 
60 
35 
60 


TA =25·C 
ns 


tPHL 
Delay 
All 
Bits 
35 
60 
35 
60 
35 
60 
Switched 


TCIFS 
Full 
Scale 
Tempeo 
±10 
±50 
±'O 
±50 
±'O 
±80 
ppmrC 


Full 
scale 
current 


VOC 
Output 
Voltage 
Compliance 
change < 1/2 
LSB 
-'0 
+'8 
-'0 
+18 
-10 
+'8 
Volts 


ROUT> 
20 Meg" typo 


VREF • ,O.OOOV 
IFS4 
Full 
Scale 
Current 
R'4, 
R'5 
= 5.000k" 
'.984 
'.992 
2.000 
1.94 
1.99 
2.04 
1.94 
1.99 
2.04 
mA 


TA ""25°C 


IFSS 
Full 
Scale 
Symmetry 
IFS4 - 
IFS2 
±O.5 
±4.0 
±l.C 
±8.0 
±2.0 
±'6 
~A 


IZS 
Zero 
Scale 
Current 
0.' 
1.0 
0.2 
2.0 
0.2 
4.0 
~A 


IFSR 
Output 
Current 
Range 
V- 
= -5.0V 
0 
2.0 
2.' 
0 
2.0 
2.' 
0 
2.0 
2.' 
mA 
v- '"-7.0V 
to -18V 
0 
2.0 
4.2 
0 
2.0 
4.2 
0 
2.0 
4.2 


VIL 
Logic 
"0" 
0.8 
0.8 
0.8 
Logic 
Input 
VLC = OV 
Volts 
Levels 
VIH 
Logic 
"'" 
2.0 
2.0 
2.0 


IlL 
Logic "0" 
I 
VIN 
""-lOV 
to 
-2.0 
-10 
-2.0 
-'0 
-2.0 
-'0 
Logic 
Input 
VLC =OV 
+0.8V 
~A 


IIH 


Current 


Logic 
"'" 
[ VIN - 2.0V to 
0.002 
0.002 
0.002 
'0 
18V 
'0 
,0 


VIS 
Logic 
Input 
Swing 
V- = -,~V 
-'0 
+'8 
-'0 
+'8 
-'0 
+'8 
Volts 


VTHR 
Logic 
Threshold 
Range 
VS"" 
±15V 
-'0 
+'3.5 
-10 
+13.5 
-'0 
+13.5 
Volts 


1'5 
Reference 
Bias Current 
-'.0 
-3.0 
-1.0 
-3.0 
-'.0 
-3.0 
~A 


dl/dt 
Reference 
I nput 
Slew 
Rate 
4.0 
8.0 
4.0 
8.0 
4.0 
8.0 
mA/p.s 


PSSIFS+ 
V+""4.5Vto 
18V 
±0.0003 
±O.O1 
±0.0003 
±O.O, 
±0.0003 
±O.O1 


Power 
Supply 
Sensitivity 
%/% 
V - 
4.SV 
to 
'8V 
PSSIFS- 
IREF 
= 1.0mA 
±O.OO2 
±O.O1 
±0.002 
10.0' 
±0.002 
±O.O' 


1+ 
Vs = ±5.0V.IREF 
=, .0mA 
2.3 
3.8 
2.3 
3.8 
2.3 
3.8 


I 
--4.3 
-5.8 
--4.3 
-5.8 
--4.3 
-5.8 
1+ 
Vs = ~.OV, 
-15V, 
2.4 
3.8 
2.4 
3.8 
2.4 
3.8 
Power 
Supply 
Current 
IREF' 
2.0mA 
mA 
/- 
-6.4 
-7.8 
-6.4 
-7.8 
-6.4 
-7.8 


1+ 


Vs 
"" ±15V. 
IREF: 
= 2.0mA 
2.5 
3.8 
2.5 
3.8 
2.5 
3.8 


I 
-6.5 
-7.8 
-6.5 
-7.8 
-6.5 
-7.8 


±5.0V.IREF 
-1.0mA 
33 
48 
33 
48 
33 
48 
Po 
Power 
Dissipation 
~.OV, 
-15V, 
IREF = 2.0mA 
'08 
'36 
'08 
136 
'08 
'36 
mW 


±'5V, 
IREF = 2.0mA 
'35 
174 
'35 
174 
'35 
174 


+ VREF 
255 
IFS=---x-- 
RREF 
256 


FOR FIXED 
REFERENCE, 
TTL 


OPERATION, 
TYPICAL 
VALUES 


ARE: 


VREF = +10.000V 


RREF 
~ 5.000k 


R15 '" RREF 


Cc ~ O.01I'F 


VLC 
~ OV (GROUND) 


10 + iQ ~ IFS FOR ALL 


LOGIC 
STATES 


255 
x-- 
256 


., 82 B3 84 85 86 87 88 
EO 
EO 


POS FULL 
SCALE 
1 
1 
1 
1 
1 
1 
1 
1 
-9.920 
+10.000 


POS FULL SCALE -LSB 
1 
1 
1 
1 
1 
1 
1 
0 
-9.840 
+9.920 


ZERO SCALE +LSB 
1 
0 
0 
0 
0 
0 
0 
1 
-0.080 
+0.160 


ZERO 
SCALE 
1 
0 
0 
0 
0 
0 
0 
0 
0.000 
+0.080 


ZERO 
SCALE 
-lSB 
0 
1 
1 
1 
1 
1 
1 
1 
+O.oBo 
0.000 


NEG FULL SCALE +LSB 
0 
0 
0 
0 
0 
0 
0 , 
"'D.920 
-9.840 
NEG FULL SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
+10.000 
-9.920 


I 
IS 


APPROX. 


5.QknI 


81 82 B3 84 85 86 87 88 
lamA 
lamA 
EO 
EO 


FUll 
SCALE 
1 
1 
1 
1 
1 
1 
1 
1 
1.992 
000 
-9.960 
000 


FULL SCALE -LSB 
1 
1 
1 
1 
1 
1 
1 
0 
1.984 
.008 
-9.920 
-.040 


HALF 
SCALE 
+LSB 
1 
0 
0 
0 
0 
0 
0 
1 
1.008 
.984 
-5.040 
-4.920 


HALF SCALE 
1 
0 
0 
0 
0 
0 
0 
0 
1.900 
.992 
-5.000 
-4.960 


HALF SCALE -LSB 
0 
1 
1 
1 
1 
1 
1 
1 
.992 
1.000 
-4.960 
-5.000 


ZERO 
SCALE 
+LSB 
0 
0 
0 
0 
0 
0 
0 
1 
.008 
1.984 
-.040 
-9.920 


ZERO SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
1.992 
.000 
-9.960 


B1 82' 83 84 85 86 87 88 
EO 


POS FUll 
SCALE 
1 
1 
1 
1 
1 
1 
1 
1 
+9.960 


POS FUll 
SCALE -LSB 
1 
1 
1 
1 
1 
1 
1 
0 
+9.880 


1+) ZERO 
SCALE 
1 
0 
0 
0 
0 
0 
0 
0 
+0.040 


I-I 
ZERO 
SCALE 
0 
1 
1 
1 
1 
1 
1 
1 
-0.040 


NEG FULL SCALE +LSB 
0 
0 
0 
0 
0 
0 
0 
1 
-9.880 


NEG FULL SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
-9.960 


FOR COMPLEMENTARY 
OUTPUT 
(OPERATION 
AS NEGATIVE 


LOGIC 
DAC), 
CONNECT 
INVERTING 
INPUT 
OF OP-AMP 
TO iQ 


(PIN 2), CONNECT 
10 (PIN 4) TO GROUND 


LlC-200 


SET 
VOLTAGE 
AT 
NODE 
"A" 
EQUAL 
TO 
DESIRED 
LOGIC 
THRESHOLD. 


Figure 9. Interfacing 
With Various 
Logic Families. 


VREF(+) 


VtN~ 


HIGH 
INPUT 


IMPEDANCE 


255 


IFS 
'" 
256 
IREF 


FOR COMPLEMENTARY 
(OPERATION 
AS A NEGATIVE 
LOGIC 


DAC), 
CONNECT 
NON·INVERTING 
INPUT 
OF OP-AMP 
TO iQ 


(PIN 21;CONNECT 
10 (PIN 4) TO GROUND. 


VAEF(+) 


l'l OPTIONAL 


RREF 
"" 
RESISTOR 


R 


1N 


~ 
~~p~~;FSET 


TYPICAL 
VALUES: 


RIN 
~ 5k 


+VIN 
= lOV 


Vo 
+O.4V 
"P1RO.E~ 


15 
-O.4V 


kl' 


FOR TURN-ON. 
VL = 2.7V 


FOR TURN-OFF, 
VL = O.7V 


APPLICATIONS 
INFORMATION 


REFERENCE 
AMPLIFIER 
SET-UP 


The DAC-08 is a multiplying 
D/A converter 
in which the out- 


put current 
is the 
product 
of a digital 
number 
and the input 


reference 
current. 
The reference 
current 
may be fixed or may 


vary from nearly zero to +4.0mA. The full scale output 
current 


is a linear function 
of the reference 
current 
and is given by: 
255 


IFS;256 
XIREFwhereIREF;114· 


In positive 
reference 
applications 
(Fig. 1), an external 
positive 


reference 
voltage forces current 
through 
R14 into the VREF(+) 


terminal 
(pin 14) of the 
reference 
amplifier. 
Alternatively, 
a 
negative 
reference 
may be applied to VREF(-I 
at pin 15 (Fig. 


3); reference 
current 
flows 
from 
ground 
through 
R14 into 


VREF(+) as in the positive 
reference 
case. This negative refer- 


ence connection 
has the 
advantage 
of a very high impedance 


presented 
at 
pin 
15. The voltage 
at pin 14 is equal 
to and 


tracks the voltage at pin 15 due to the high gain of the internal 
reference 
amplifier. 
R15 (nominally 
equal to R14) is used to 


cancel bias current 
errors; 
R15 may be eliminated 
with only a 


minor increase in error. 


Bipolar references 
may be accommodated 
by offsetting 
VREF 


or pin 15 as shown 
in Fig. 11. The negative common 
mode 


range of the reference 
amplifier 
is given by: VCM-; 
V- 
plus 


(lREF X 1.0kn) 
plus 2.5V. The positive common 
mode range 


is V+ less 1.5V. 


When a DC reference 
is used, a reoference bypass capacitor 
is 


recommended. 
A 5.0V TTL logic supply 
is not recommended 


as a reference. 
If a regulated 
power supply 
is used as a refer- 


ence, 
R14 should 
be split into two resistors 
with the junction 


bypassed to ground with a O.lJlF capacitor. 


For most applications, 
a +10.0V reference 
is recommended 
for 


optimum 
full scale temperature 
coefficient 
performance. 
This 


will minimize 
the 
contributions 
of 
reference 
amplifier 
VOS 


and 
TCVos. 
For 
most 
applications 
the 
tight 
relationship 


between 
IREF and 
IFS will eliminate 
the 
need for trimming 


IREF. If required, 
full scale trimming 
may be accomplished 
by 


adjusting 
the 
value of R14, or by using a potentiometer 
for 
R14. An improved 
method 
of full scale trimming 
which elimi- 
nates potentiometer 
T.C. effects is shown in Fig. 2. 


Using lower values of reference 
current 
reduces negative power 


supply 
current 
and increases 
reference 
amplifier 
negative com- 
mon mode range. The recommended 
range for operation 
with 


a DC reference 
current 
is +0.2mA to +4.0mA. 


The 
reference 
amplifier 
must 
be 
compensated 
by 
using 
a 


capacitor 
from 
pin 
16 to V-. 
For fixed reference 
operation, 
a O.OlJlF capacitor 
is recommended. 
For variable 
reference 
applications, 
see section 
entitled 
"Reference 
Amplifier 
Com- 
pensation 
for Multiplying 
Applications." 


The DAC-08 provides 
excellent 
multiplying 
performance 
with 


an extremely 
linear relationship 
between 
IFS and IREF over a 


range of 4.0mA 
to 4.0JlA. Monotonic 
operation 
is maintained 


over a typical 
range of IREF from 
100JlA to 4.0mA; 
consult 


factory 
for 
devices 
selected 
for 
monotonic 
operation 
over 


wider IREF ranges. 


REFERENCE 
AMPLIFIER 
COMPENSATION 
FOR MULTIPLYING 
APPLICATIONS 


AC reference 
applications 
will require the reference 
amplifier 


to be compensated 
using a capacitor 
from pin 16 to V-. The 
value of this capacitor 
depends 
on the impedance 
presented 
to 


pin 14: for R14 values of 1.0, 2.5 and 5.0kn, 
minimum 
values 
of Cc are 15,37, 
and 75pF. 
Larger values of R14 require pro- 
portionately 
increased 
values of Cc for proper 
phase margin. 


For 
fastest 
response 
to a pulse, 
low values of R14 enabling 
small Cc values should 
be used. If pin 14 is driven 
by a high 


impedance 
such 
as a transistor 
current 
source, 
none 
of the 


above 
values 
will suffice 
and 
the 
amplifier 
must 
be heavily 


compensated 
which 
will decrease 
overall bandwidth 
and slew 


rate. 
For R14 ; 
1.0kn 
and Cc; 
15pF, the reference 
amplifier 


slews at 4.0mA/Jls 
enabling 
a transition 
from 
IREF ; 
0 to 


IREF ; 2.0mA in 500ns. 


Operation 
with pulse inputs to the reference 
amplifier 
may be 


accommodated 
by an alternate 
compensation 
scheme shown in 
Fig. 10. This technique 
provides 
lowest 
full scale transition 


times_ An internal clamp allows quick recovery ofthe 
reference 


amplifier 
from a cutoff 
(IREF ; 0) condition. 
Full scale transi- 
tion 
(0 to 2.0mA) 
occurs 
in 120ns when 
the 
equivalent 
im- 


pedance 
at pin 14 is 200n 
and Cc ; O. This yields a reference 


slew rate of 16mA/Jls which 
is relatively 
independent 
of R IN 
and V IN values. 


LOGIC 
INPUTS 


The 
DAC-08 design 
incorporates 
a unique 
logic input 
circuit 3 


which enables 
direct 
interface 
to all popular 
logic families and 


provides 
maximum 
noise 
immunity. 
This 
feature 
is made 


possible 
by the large input swing capability, 
2.0JlA logic input 


current 
and completely 
adjustable 
logic threshold 
voltage. 
For 


V- 
; 
-15V, 
the 
logic inputs 
may swing between 
-10V 
and 
+18V. 
This enables 
direct 
interface 
with 
+15V 
CMOS logic, 
even when 
the DAC-08 is powered 
from a +5V supply. 
Mini- 


mum 
input 
logic swing and minimum 
logic threshold 
voltage 


are given by: 
V-plus 
(IREF X 1.0kn) 
plus 2.5V. The logic 


threshold 
may 
be adjusted 
over a wide range by placing 
an 


appropriate 
voltage 
at the 
logic threshold 
control 
pin (pin 1, 


VLc). 
For TTL and DTL interface, 
simply ground 
pin 1. When 
interfacing 
ECL, 
an 
IREF; 
1.0mA 
is recommended. 
For 
interfacing 
other 
logic families, 
see Fig. 9. For general set-up 


of the logic control 
circuit, 
it should 
be noted 
that 
pin 1 will 
source 
100JlA typical; 
external 
circuitry 
should 
be designed 


to accommodate 
this current. 


Fastest 
settling 
times are obtained 
when pin 1 sees a low im- 


pedance. 
If pin 1 is connected 
to a 1.0kn 
divider, for example, 


it should be bypassed to ground 
by a O.OlJlF capacitor. 


Both 
true 
and 
complemented 
output 
sink currents 
are pro- 


vided, 
when 
10 + To 
; 
IFS. Current 
appears 
at the 
"true" 


output 
when a "1" is applied to each logic input. As the binary 


count 
increases, 
the 
sink 
current 
at pin 4 increases 
propor- 


tionally, 
in the 
fashion 
of a "positive 
logic" 
D/A converter. 


When a "0" 
is applied 
to any input 
bit, that current 
is turned 


off at pin 4 and turned 
on at pin 2. A decreasing 
logic count 


increases To as in a negative or inverted 
logic D/A converter. 


Both outputs 
may be used simultaneously. 
If one of the out- 


puts is not required 
it must still be connected 
to ground 
or to 
a point capable of sourcing 
IFS; do not leave an unused output 


pin open. 


Both 
outputs 
have 
an 
extremely 
wide 
voltage 
compliance 
enabling 
fast 
direct 
current-to-voltage 
conversion 
through 
a 


resistor 
tied to ground 
or other 
voltage source. 
Positive com- 


pliance 
is 36V above 
V-and 
is independent 
of the positive 


supply_ Negative compliance 
is given by V- 
plus (IREF ·1.0kn) 


plus 2.5V. 


The dual outputs 
enable 
double 
the 
usual peak-to-peak 
load 


swing when 
driving 
loads 
in quasi-differential 
fashion. 
This 


feature 
is especially 
useful in cable driving, CRT deflection 
and 


in other 
balanced 
applications 
such as driving 
center-tapped 


coils and transformers. 


AmDAC-08 


POWER 
SUPPLIES 


The DAC-08 operates 
over a wide range of power supply voltages 
from a total 
supply 
of 9V to 36V. When operating 
at supplies of 
±5V or less, IR EF .;;; 1mA is recommended. 
Low reference 
current 


operation 
decreases 
power 
consumption 
and increases 
negative 
compliance, 
reference 
amplifier 
negative 
common 
mode 
range, 
negative 
logic input range, and negative logic threshold 
range. For 
example, 
operation 
at --4.5V 
with 
IR EF = 2mA 
is not 
recom- 
mended 
because 
negative 
output 
compliance 
would 
be reduced 
to near zero. Operation 
from lower supplies 
is possible, 
however 
at least 8V total 
must be applied to insure turn-on 
of the internal 


bias network. 


Symmetrical 
supplies 
are not 
required, 
as the 
DAC-08 
is quite 
insensitive 
to variations 
in supply 
voltage. 
Battery 
operation 
is 
feasible as no ground connection 
is required: 
however, an artificial 


ground 
may be useful to insure logic swings, etc. remain between 


acceptable 
limits. 


Pd = (1+) (V+) + (1+) (V-) 
+ (2 IR EF) (V-). 
A useful feature of 


the 
DAC-08 design 
is that 
supply 
current 
is constant 
and inde- 
pendent 
of 
input 
logic 
states; 
this 
is useful 
in cryptographic 
applications 
and further 
serves to reduce 
the 
size of the power 


supply bypass capacitors. 


The nonlinearity 
and monotonicity 
specifications 
of the DAC-08 
are guaranteed 
to apply over the entire 
rated operating 
tempera- 
ture 
range. 
Full 
scale 
output 
current 
drift 
is tight, 
typically 


±10ppmfC, 
with 
zero scale output 
current 
and drift essentially 
negligible compared 
to 1/2 LSB. 


Full scale 
output 
drift 
performance 
will 
be best with 
+10.0V 
references 
as Vas 
and TCVas 
of the reference 
amplifier 
will be 
very 
small compared 
to 
10.0V. 
The temperature 
coefficient 
of 
the reference 
resistor R14 should match and track that of the out- 
put resistor 
for minimum 
overall full scale drift. Settling times of 
the DAC-08 decrease 
approximately 
10% at -55°C; 
at +125°C an 
increase of about 
15% is typical. 


SETTLING 
TIME 


The DAC-08 is capable 
of extremely 
fast settling times, typically 
85nsec at 
IREF 
= 2.0mA. Judicious 
circuit design and careful board 
layout 
must 
be employed 
to obtain 
full performance 
potential 


during 
testing 
and application. 
The 
logic switch 
design 
enables 
propagation 
delays of only 35nsec 
for each of the 8 bits. Settling 
time to within 
1/2 LSB of the LSB is therefore 
35nsec, with each 
progressively 
larger bit taking successively 
longer. The MSB settles 
in 85nsec, 
thus 
determining 
the 
overall 
settling 
time of 85nsec. 


Settling to 6-bit accuracy 
requires about 65 to 70nsec. The output 
capacitance 
of the DAC-08 including the package is approximately 


15pF, therefore 
the output 
RC time constant 
dominates 
settling 
time if RL > 500.11.. 


Settling 
time 
and propagation 
delay 
are relatively 
insensitive 
to 


logic input 
amplitude 
and rise and fall times, due to the high gain 
of 
the 
logic 
switches. 
Settling 
time 
also 
remains 
essentially 


constant 
for 
IREF 
values down to 1.0mA, 
with gradual increases 


for lower 
IREF 
values. The principal 
advantage 
of higher 
IREF 


values lies in the ability 
to attain 
a given output 
level with lower 


load resistors, thus reducing the output 
RC time constant. 


Measurement 
of settling 
time 
requires 
the 
ability 
to accurately 
resolve i4MA, therefore 
a 1k.ll. load is needed to provide adequate 
drive for most oscilloscopes. 
The settling 
time fixture 
of Fig. 12 


uses a cascode 
design to permit 
driving a 1k.ll. load with less than 
5pF 
of parasitic 
capacitance 
at the measurement 
node. 
At 
IREF 
values of less than 
1mA, excessive 
RC damping 
of the output 
is 
difficult 
to prevent 
while maintaining 
adequate 
sensitivity. 
How- 
ever, the 
major 
carry 
from 
01111111 
to 10000000 
provides 
an 


accurate 
indicator 
of settling 
time. 
This code 
change 
does 
not 
require 
the 
normal 
6.2 time constants 
to settle 
to within 
iO.2% 
of the 
final 
value, and thus 
settling 
times 
may 
be observed 
at 


lower values of IREF. 


DAC-08 switching 
transients 
of "glitches" 
are very low and may 
be further 
reduced 
by small capacitive 
loads at the output 
at a 
minor sacrifice in settling time. 


Fastest operation 
can be obtained 
by using short leads, minimizing 
output 
capacitance 
and 
load 
resistor 
values, 
and 
by adequate 


bypassing 
at the 
supply, 
reference 
and 
VLC terminals. 
Supplies 
do not 
require 
large electrolytic 
bypass capacitors 
as the supply 
current 
drain is independent 
of input logic states; O.lMF capacitors 
at the supply pins provide full transient 
protection. 


LF198/LF298/LF398 
Monolithic Sample and Hold Circuits 


Distinctive 
Characteristics 


• 
Operates 
from 
±5V 
to 
±18V 
supplies 


• 
Less than 
10j.ls acquisition 
time 


• 
TTL, 
PMOS, 
CMOS 
compatible 
logic 
input 


• 
0.5mV 
typical 
hold 
step 
at Ch = O.Olj.lF 


• 
Low 
input 
offset 


• 
0.002% 
gain 
accuracy 
• 
Low 
output 
noise 
in hold 
mode 


• 
Input 
characteristics 
do 
not 
change 
during 
hold 
mode 


• 
High 
supply 
rejection 
ratio 
in sample 
or 
hold 


• 
Wide 
bandwidth 


GENERAL 
DESCRIPTION 


The LF198/LF298/LF398 
are BI-FET 
monolithic 
sample and 
hold circuits 
with 
ultra-high 
DC accuracy, fast acquisition 
time 


(6/-1s to 
0.01 %) and low 
droop 
rate. A bipolar 
input 
stage is 
used to 
obtain 
the 
lowest 
possible 
offset 
voltage 
and wide 
bandwidth. 
These circuits 
are designed to have high common 


mode 
rejection 
and 
a gain 
accuracy 
of 0.002%. 
High 
input 


impedance 
(1010n) 
permits 
their 
use with 
a high impedance 
source without 
degrading accuracy. 


The output 
buffer 
has a p-channel 
JFET 
input 
with 
a typical 


input 
current 
of 30pA, 
giving a droop 
rate as low as 5mV /Min 
with 
a l/-1F hold capacitor. 
The JFET 
has a very low noise level 


and high temperature 
stability. 


A differential 
logic input 
allows the logic to be referenced 
to E] 


a separate ground from 
analog ground, permitting 
a direct inter- 


face to 
nearly 
any 
logic family. 
The LF198 
series guarantees 


no feed through 
in the hold mode including 
input 
signal swings 
equal to the power supply. 
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CONNECTION 
DIAGRAM 


Metal Can 
Top View 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


LF398 
Metal 
Can 
O°C to 
+ 70°C 
LF398H 
Dice 
LD398 


LF298 
Metal 
Can 
-25°C 
to 
+85°C 
LF298H 


LF198 
Metal 
Can 
-55°C 
to 
+125°C 
LF198H 
Dice 
LD198 


LF298 


LF398 


Storage Temperature 
Range 


Power Dissipation 
(Package Limitation, 
Note 1) 


Supply Voltage 


Input Voltage 


Logic to Logic Reference 
Differential 
Voltage (Note 2) 


Hold Capacitor 
Short Circuit Duration 


Lead Temperature 
(Soldering 
10 seconds) 


_25°C to +85°C 


O°C to +70°C 


-65°C 
to +150°C 


500mW 


±18V 


Equal to Supply Voltage 


+7V, -30V 


10 sec 


300°C 


LF198/LF298 


Min. 
Typ. 
Max. 


LF398 


Typ. 
Max. 


I nput 
Offset 
Voltage, 
(Note 
6) 
Tj = 25°C 
1 
3 
2 
7 
mV 


Full 
Temperature 
Range 
5 
10 
mV 


Tj = 25°C 
5 
25 
10 
50 
nA 
Input 
Bias Current. 
(Note 
6) 


Full Temperature 
Range 
75 
100 
nA 


Input 
Impedance 
Tj = 25°C 
1010 
1010 
n 


T' - 25°C. 
RL -10kn 
0.002 
0.005 
0.004 
0.01 
% 
Gain 
Error 


Full Temperature 
Range 
0.02 
0.02 
% 


Feedthrough 
Attenuation 
Ratio 


Tj = 25°C, 
Ch = O.Ol"F 
86 
96 
80 
90 
dB 
at 1 kHz 


Tj = 25°C, 
"HOLD" 
mode 
0.5 
2 
0.5 
4 
n 
Output 
Impedance 


Full Temperature 
Range 
4 
6 
n 


"HOLD" 
Step, (Note 
4) 
Tj = 25°C, 
Ch = O.Q1"F, 
VOUT 
= 0 
0.5 
2.0 
1.0 
2.5 
mV 


Supply 
Current, 
(Note 
6) 
Tj ;;. 25°C 
4.5 
5.5 
4.5 
6.5 
mA 


Logic and Logic Reference 
Input 
Tj = 25°C 
2 
10 
2 
10 
"A 
Current 


Leakage Current 
into 
Hold 
Tj = 25°C, 
(Note 
5) 
30 
100 
30 
200 
pA 


Capacitor 
(Note 
61 
Hold 
Mode 


6VOUT 
= 10V, 
Ch = 1000 pF 
4 
4 
"s 
Acquisition 
Time 
to 0.1% 


Ch = O.Ol"F 
20 
20 
"s 


Hold 
Capacitor 
Charge Current 
VIN 
- 
VOUT 
- 2V 
5 
5 
mA 


Supply 
Voltage 
Rejection 
Ratio 
VOUT 
- 0 
80 
110 
80 
110 
dB 


Differential 
Logic Threshold 
Tj - 25°C 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


Notes: 
1. The maximum 
junction 
temperature 
is 150°C for the LF198, 115°C for the LF298, and 100°C for the LF398. When 
used at a higher 
ambient 
temperature, 
the 
TO-5 can package 
must be derated 
based on a thermal 
resistance 
(8jA) of 150°CIW. 
2. The differential 
voltage 
may not exceed this limit. The common 
mode voltage 
on the logic pins may equal the supply voltage 
without 
causing damage to the 


device. 
For the LF198 to operate 
properly, 
one of the logic pins must be at least 2V below 
the positive 
supply 
and 3V above 
the negative 
supply. 
3. The following 
conditions 
apply unless otherwise 
noted: 
Device is in" sample 
mode". 
Tj = 25°C, Vs 
=0 ±15V, 
-11.5V 
< VIN < +11.5V, 
Ch = O.01p.F, and RL = 
10kn. 
Logic reference 
voltage 
= OV. Logic input voltage 
= 2.5V. 


4. 
The hold step is produced 
by a charge which 
is coupled 
from the logic input signal to the hold capacitor 
via parasitic 
capacitance 
and 
internal 
operating 
point changes. 
Stray capacitance 
equal to 1pF will create a O.5mV step with a 5 volt logic swing 
and a O,01p.F hold capacitor. 
This step can be reduced 
by 
increasing 
the magnitude 
of the hold capacitor. 
5. Leakage current 
is measured 
at a junction 
temperature 
of 25°C. The junction 
temperature 
doubles the 25°C value for each 11°C increase in chip temperature. 
Leakage 
is guaranteed 
over the full input signal 
range. 
6. These 
values 
are guaranteed 
over the ±5 to ±18V 
supply 
range. 
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SLEW RATE 
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V/ms 
FREOUENCY 
- 
Hz 


Feedthrough 
Rejection 
Ratio 
Hold Step Versus 


(Hold Mode) 
Input Voltage 
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w 
2.0 


11111I111 
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I 
I 
::> 
1.8 
-120 
VIN 
- 
10Vp-p 


•... 


I 
I 
I11I1I111 
:i 


V78 
• 0 
~ 
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LF198/298/398 


LOGIC INPUT CONFIGURATIONS 


TTL AND CMOS 
3V';;; VLG(HI STATE)';;; 
7V 


v+ 


V+ 


A, 


ANALOG 
OUTPUT 
ANALOG 
OUTPUT 
INPUT 
INPUT 


SAMPLE 


~lG 
2.8V 


HOLD 
v- 


HOLD 


lIC-207 
~lG 
lIC-2OB 
SAMPLE 
-=- 
-=- 
v- 


Threshold 
= 1.4V 
Threshold 
~ 1.4V 
R 1 select for 
2.8V at Pin 8 


CMOS 
7V';;; VLG(HI STATE)';;; 
15V 


v+ 
v+ 


20K 
20K 


ANALOG 
OUTPUT 
ANALOG 
OUTPUT 
INPUT 
INPUT 


SAMPLE 
30K 
SL 
-=- 


HOLD 
v- 


HOLD 


L1C·209 
SL 
L1C-21 
0 


SAMPLE 
-=- 
-=- 
v- 


Threshold 
~ 0.6 (V+) + 1.4V· 
Threshold 
= 0.6 (V+) 
- 
1.4V 


OPAMP 
DRIVE 
OUTPUT VOLT AG E = ±13V 


v+ 
v+ 


_fi~+13V 


~L-13V 


SAMPLE 


_ll_+'3 
~L-13 


Freezing the input to an analog-to-digital 
(A/D) converter 
is an 


important 
application 
for the sample and hold amplifier. 
If the 
analog 
input 
to the 
A/D 
changes 
during 
conversion 
by the 
amount 
±1/2LSB, 
an ideal A/D would 
produce 
1 LSB error 


beyond normal 
quantization 
error. A sample and hold amplifier 
eliminates 
this problem 
by holding the input signal to the A/D 


converter 
during the conversion 
interval. The proper choice of 


hold capacitor 
value and type 
is necessary 
to obtain 
optimum 


performance. 
The 
capacitor 
value 
directly 
affects 
several 


circuit 
parameters, 
particularly 
acquisition 
time, 
droop 
rate, 
and hold step. The hold step error is inversely proportional 
to 
the value of the hold capacitor. 


Graphs are provided 
in this data sheet for use as guides in se- 


lecting a suitable 
value of capacitance. 
However, the capacitor 


should 
have extremely 
high insulation 
resistance 
and low di- 


electric 
absorption, 
or 
dielectric 
hysteresis. 
Polypropylene 
(below 
+85°C) 
and 
Teflon 
(above 
+85°C) 
types 
are recom- 
mended. 
The hysteresis 
error 
can be significantly 
reduced 
if 


the 
output 
of the 
LF198 
is digitized 
immediately 
after 
the 
hold mode is initiated. 
The hysteresis 
relaxation 
time constant 


in polypropylene, 
for instance, 
is 10-50ms, thus if A/D conver- 


sion can be made within 
1ms, hysteresis 
error will be reduced 


by a factor of ten. 


The logic inputs 
on the 
LF198 
are fully differential 
with low 
input 
current 
and will operate 
from 
TTL 
levels up to 
15V. 
Some typical 
logic input configurations 
are shown in this data 


sheet. 
The logic signal into the 
LF198 
must have a minimum 


slew rate of 0.2V //1s. Slower signals cause excess hold step errors. 


When switched 
from sample to hold, delay in response 
to the 
hold command 
(aperture 
time and aperture 
time uncertainty) 
can cause the frozen value of a fast moving waveform 
to differ 


from the value it had at the instant the hold command 
is given. 
However, 
the 
hold capacitor 
has an additional 
lag due to the 
300n 
series resistor on the chip which cancels out some of the 
error due to aperture 
time and aperture 
time uncertainty. 


For example, 
using an analog input 
of 20 volts pop at 10kHz, 
maximum slew rate 0.5V//1s, with no phase delay and 80ns logic 


delay, 
one could 
expect 
up to (0.08/1s) • (0.5V//1s) ~ 40mV 


error 
if the 
input 
is sampled 
during 
the 
maximum 
dv/dt 


period. 
A positive 
going 
input 
would 
give a +40mV 
error. 
Assume that the slew rate of the charging amplifier 
and the RC 
constant 
of the analog loop cause a delay of 120ns. If the hold 


capacitor 
sees this exact delay, then the analog delay would be 


(0.5/1V/sec).(.12/1s) 
~ -60mV. 
Total 
output 
error is +40mV 
-60mV 
~ -20mV. 


For a sample and hold amplifier 
in a multiplexed 
A/D system, 


acquisition 
and aperture 
times are critical parameters. 
In order 


to 
maintain 
the 
acquired 
signal 
level within 
the 
specified 


accuracy, 
these 
times 
must 
be considered 
when selecting 
the 
sampling 
rate. 
For 
example, 
if a 16 channel 
MUX drives 
a 
sample and hold amplifier 
in which each channel 
is 5KHz and 


2 samples per cycle are needed 
to satisfy the Nyquist criteria, 


the 
minimum 
sampling 
rate ~ 160000 
samples/sec_ 
((5KHz X 


16) 
cycles/sec 
X 2 
samples/cycle). 
The 
minimum 
channel 


period 
is the reciprocal 
of the sampling rate of 6.25/1s. During 


the hold mode the MUX can switch to another 
channel. 
This 


eliminates 
the 
need to consider 
the MUX and source settling 


time and shortens 
the channel 
period. 


Calculating 
the sum of the sample and hold acquisition 
time, 


aperture 
time and A/D conversion 
time is usually a convenient 


method 
for estimating 
maximum 
channel 
period. 


In multiplex 
applications, 
sample 
and hold 
feed-through 
is a 


significant 
problem. 
Since 
each 
channel 
voltage 
differs, 
the 


sample and hold input signal becomes 
a series of varied height 


pulses that cause errors in the sample and hold voltage. 


Digital feed through 
occurs 
when 
a fast rising logic signal is 
coupled 
into the analog input. 
To minimize 
it, the logic signal 


trace in the PCB layout 
should 
be kept as far as possible from 


the analog input. 
Guarded 
trace may also be used around 
the 


input pin for shielding purposes. 


To adjust 
the DC offset 
zeroing, the wiper of a 1K potentio- 


meter 
is connected 
to the 
offset 
adjust 
pin. One end of the 


potentiometer 
is connected 
to VCC and the other is connected 


through 
a resistor 
to ground. 
The value of the resistor 
is se- 


lected such that the current 
flows through 
it at approximately 


6mA. 
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Acquisition 
Time - The time required 
to acquire a new analog 
input voltage with an output 
step of 1OV. Note that acquisition 


time is not just the time required 
for the output 
to settle, but 


also includes 
the time required 
for all internal 
nodes to settle 
so that the output 
assumes the proper value when switched to 
the hold mode. 


Aperture 
time - The delay between 
the command 
to hold and 
the actual opening of the hold switch. 


Aperture 
time 
uncertainty 
- 
The tolerance, 
or jitter 
of the 
aperture 
time. 


Droop 
rate - 
The rate of change of output 
voltage in the hold 
mode. 
It is caused 
by leakage 
currents 
at the hold capacitor 
node. 


Feed-through 
- 
During 
hold, a small part of the input 
signal 
feeds through 
the capacitor 
of the switch to the hold capacitor 
and 
output. 
This 
is usually 
a function 
of the 
level and fre- 


quency of the input signal and is expressed .in dB. 


Dynamic 
sampling 
error - 
The error introduced 
into the out- 


puts 
due to input voltage varying when the hold command 
is 


issued. Error is expressed 
in mV with a given hold capacitor. 


Gain error - The ratio of output 
voltage swing to input voltage 
swing in the sample mode expressed 
as a percent 
difference. 


Hold step - The voltage step at the output 
of the sample and 


hold when switching 
from sample mode to hold mode with a 
steady 
(DC) analog input voltage. 


Am150sn40S·SSS150SAN40SA 


Distinctive 
Characteristics 


• 
Improved direct replacement for MC1508/1408 


• 
±0.19% 
nonlinearity 
guaranteed over temperature 


range 
• 
Improved settling time (SSS1508A/1408A) 


250ns, typo 


• 
Improved power consumption (SSS1508A/1408A) 


157mW, typo 
• 
Compatible with TTL, CMOS logic 


• 
Standard supply voltage: +5.0V and -5.0V 
to -15V 
• 
Output voltage swing: +0.5V to -5.0V 


• 
High speedmultiplying 
input: 4.0mA/Ms 


The 
SSS1508A/1408A, 
Am1508/1408 
are 8-bit 
monolithic 


multiplying 
Digital-to-Analog 
Converters 
consisting 
of 
a 
reference 
current 
amplifier, 
an R-2R 
ladder, 
and eight 
high 


speed current 
switches. 
For 
many 
applications, 
only 
a refer- 


ence resistor 
and reference 
voltage 
need be added. 
Improve- 


ments 
in 
design 
and 
processing 
techniques 
provide 
faster 


settling 
times combined 
with 
lower 
power consumption 
while 


retaining 
direct 
interchangeability 
with 
MC1508/1408 
devices. 


The 
R-2R 
ladder 
divides 
the 
reference 
current 
into 
eight 
binarily-related 
components 
which 
are fed 
to 
the 
switches. 


A remainder 
current 
equal to the least significant 
bit is always 


shunted 
to ground, 
therefore 
the maximum 
output 
current 
is 


255/256 
of the reference amplifier 
input current. 
For example, 
a full 
scale output 
current 
of 
1.992mA 
would 
result from 
a 


reference input 
current 
of 2.0mA. 


The 
SSS1508A/1408A, 
Am1508/1408 
is 
useful 
in 
a wide 


variety 
of 
applications, 
including 
waveform 
synthesizers, 
digitally 
programmable 
gain 
and 
attenuation 
blocks, 
CRT 


character 
generation, 
audio 
digitizing 
and decoding, 
stepping 


motor 
drives, 
programmable 
power 
supplies 
and in building 


Tracking 
and 
Successive 
Approximation 
Analog-to-Digital 
Converters. 


AM1408L8 
AM1408L7 
AM1408L6 
SSS1408A-8Q 
SSS1408A-7Q 
SSS1408A-6Q 
AM1408N8 
AM1408N7 
AM1408N6 
LD1408 


AM1508L8 
SSS1508A-8Q 
LD1508 


Package 
Type 


Hermetic 
DIP 


Hermetic 
DOl? 


Hermetic 
DIP 
Hermetic 
DIP 


Hermetic 
DIP 
Hermetic 
DIP 
Plastic 
DIP 
Plastic 
DIP 


Plastic 
DIP 
Dice 


Hermetic 
DIP 


Hermetic 
DIP 
Dice 


Temperature 


Range 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
aOc to +70°C 
O°C to +70°C 
aOc to +70°C 
O°C to +70°C 


_55° 
C to +125° C 
_55°C 
to +125°C 
_55° 
C to +125° C 


CONNECTION 
DIAGRAM 
Top View 


RANGE 
COMPENSATION 
CONTROL 


GNO 
VREF(-l 


v" 


VAEF(-t) 


'0 
vcc 


MSBA1 
AS LSB 


A, 
A, 


A, 
A. 


A, 
AS 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
(TA = +25°C unless otherwise 
noted) 


Power Supply Voltage 


VCC 


VEE 


Digital Input Voltage, 
V5-V12 


Applied Output 
Voltage, 
Vo 


Reference 
Cu nent, 
114 


Reference 
Amplifier 
Inputs, V14, V15 


+5.5Vdc 


-16.5Vdc 


+5.5,OVdc 


+0.5, -5.2Vdc 


5.0mA 


VCC, VEE Vdc 


Power Dissipation 
(Package Limitation), 
PD 


Ceramic Package 


Derate above TA = +25° C 


Operating 
Temperature 
Range, TA 


SSS150BA-B, Am150B 


SSS140BA Series, Am1408 
Series 


Storage Temperature, 
Tstg 


1000mW 


6.7mW/'C 


_55°C 
to +125°C 


O°C to +75°C 


_65°C 
to +150°C 


Vref 
(VCC ~ 5.0Vdc, 
vEE 
~ -15Vdc, 
- 
= 2.0mA, 
SSS1508A-8/Am1508L8: 
T A = -55°C 
to +125°C, 
SSS1408A/Am1408 
Series: TA ~ O°C to +75°C 
unless 
R14 


otherwise 
noted. 
All digital 
inputs at high logic level.) 


Relative 
Accuracy 


SSS1508A-8, 
SSS1408A-8, 
Am1508L8, 
Am1408L8 
±0.19 


ER 
SSS1408A-7, 
Am1408L7 
±0.39 
% IFS 


SSS1408A-6, 
Am1408L6 
±0.78 


Settling 
Time to within 
1/2 LSB (includes 
tpLH) 


SSS1508A/1408A 


TA ~ +25°C 


250 


ts 
ns 
Am1508/1408 
300 


tPLH. 
tpHL 
Propagation 
Delay Time 
TA=+25°C 
30 
100 
ns 


TCIO 
Output 
Full Scale Current 
Drift 
±20 
PPM/"C 


Digital 
I nput 
Logic 
Levels (MSB) 


VIH 
High Level, Logic 
"1" 
2.0 


Vdc 
VIL 
Low 
Level, Logic "0" 
0.8 


IIH 
Digital 
Input 
Current 
(MSB) 


High Level, VIH 
- 5.0V 
0 
0.04 
mA 
IlL 
Low 
Level. VI L - 0.8V 
-0.002 
-0.8 


Referenc;e 
I nput 
Bias Current 
(Pin 15) 


SSS1508A/1408A 
-1.0 
-3.0 
115 
Am1508/1408 
-1.0 
-5.0 
J.lA 


VEE = -5.0V 
0 
2.0 
2.1 
lOR 
Output 
Current 
Range 
mA 
VEE - -7.0V 
to -15V 
0 
2.0 
4.2 


10 
Output 
Current 
Vref 
- 2.000V, 
R14 - 
1000f! 
1.9 
1.99 
2.1 
mA 


10 (min.l 
Output 
Current 
(All 
Bits Low) 
0 
4.0 
J.lA 


Vo 
Output 
Voltage 
Compliance 
VEE ~ -5V 
-0.6, 
+0.5 
Vdc 
(Er •• 0.19% at T A ~ +25°C) 
VEE 
below 
-10V 
-5.0, 
+0.5 


SRlref 
Reference 
Current 
Slew Rate 
4.0 
mA/J.ls 


PSSIO 
Output 
Current 
Power 
Supply 
Sensitivity 
0.5 
2.7 
J.lA/V 


Power Supply Current 


ICC 
2.5 
14 
SSS1508A/1408A 
lEE 
-6.4 
-13 
mA 
ICC 
Am1508/1408 
2.5 
22 


lEE 
-6.4 
-13 


VCCR 


TA ~ +25°C 


4.5 
5.0 
5.5 
Power Supply 
Voltage 
Range 
Vdc 
VEER 
-4.5 
-15 
-16.5 


Power Dissipation 
All 
Bits Low 


VEE ~ -5.0Vdc 
34 
136 


SSS1508A/1408A 
VEE = -15Vdc 
108 
265 


All 
Bits High 


VEE ~ -5.0Vdc 
34 


Pd 
VEE = -15Vdc 
108 
mW 


All 
Bits Low 


VEE ~ -5.0Vdc 
34 
170 


Am15D8/14OB 
vEE 
- 
-15Vdc 
108 
305 


All 
Bits High 


VEE = -5.0Vdc 
34 


VEE = -15Vdc 
108 


A, 
A, 


A3 
A, 


AS 
A. 
A, 
A, 


Ag 
AlO 
All 
A12 


12·BIT 
D·TQ·A 


CONVERTER 


(±O.Ol% 


ERROR 
MAX} 


USE WITH 
CURRENT-TO-VOL 
TAGE 


CONVERTING 
OP AMP 


VREF 
= 2.OVdc 
R14 = R15 = 1.Okn 


AO = S.Okn 


Am1508 
Am1408 
SSS1508A 
SSS1408A 


SERIES 


"" 
950n 


M58 


5 
•,, 


9 


'0 


11 


12 


Am1508 
Am140a 


SSS1508A 
SSS1408A 
SERIES 


THEORETICAL 
Vo 


VREF 
[A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS] 


VO~-- 
(RO) -+-+-+-+-+-+-+- 


R14 
2 
4 
S 
16 
32 
64 
126 
256 


ADJUST 
VREF, 
R14 OR RO SO THAT 
Vo WITH 
ALL 
DIGITAL 


INPUTS AT HIGH 
LEVEL 
IS EQUAL 
TO 9.961 VOLTS 


2V 
~ 
1 
1 
1 
1 
1 
1 
1J 
Vo ~-(5k) 
-+-+-+- +- +-+ - 
+-- 


1k 
2 
4 
S 
16 
32 
64 
126 
256 


[ 
255J 
~ 10V 
-- 
= 9.961V 


256 


Am1508 
Am1408 
SSS1508A 
SSS1408A 


SERIES 


Am1508 
Am1408 
SS5150BA 
SSS14Q8A 


SEAlES 


TRANSIENT 
RESPONSE 
AND 
SETTLING 
TIME 
TEST 
CIRCUIT 


Am1508 


Am1408 
SSS1508A 
SSS1408A 


SERIES 


1.0kn 


eo ~~~i0~~~I~NG/'ME 


(ALL 
BITS 
SWITCHED 


LQWTO 
HIGH) 


REFERENCE 
AMPLIFIER 
DRIVE 
AND COMPENSATION 


The reference 
amplifier 
provides 
a voltage at pin 14 for con- 
verting 
the 
reference 
voltage 
to a current, 
and a turn-around 


circuit 
or current 
mirror 
for feeding the ladder. The reference 


amplifier 
input 
current, 
114 must 
always 
flow 
into 
pin 
14 


regardless 
of the 
setup 
method 
or reference 
voltage polarity. 


Connections 
for a positive 
voltage are shown on page 3. The 


reference 
voltage 
source 
supplies 
the 
full current 
114. For 


bipolar 
reference 
signals, as in the multiplying 
mode, 
R15 can 


be tied to a negative 
voltage 
corresponding 
to the minimum 


input 
level. It is possible 
to eliminate 
R15 with only a small 


sacrifice in accuracy 
and temperature 
drift. 


The 
compensation 
capacitor 
value 
must 
be increased 
with 


increases 
in R14 to 
maintain 
proper 
phase 
margin; 
for 
R14 
values of 1.0, 2.5 and 5.0 kilohms, 
minimum 
capacitor 
values 


are 15,37, 
and 75 pF. The capacitor 
may be tied to either 


VEE 
or 
ground, 
but 
using 
VEE 
increases 
negative 
supply 


rejection. 


A negative 
reference 
voltage may be used if R14 is grounded 


and the 
reference 
voltage 
is applied 
to R15 as shown. 
A high 


input 
impedance 
is the main advantage 
of this method. 
Com- 


pensation 
involves a capacitor 
to VEE on pin 16, using the 


values 
of 
the 
previous 
paragraph. 
The 
negative 
reference 


voltage 
must 
be at 
least 
4.0 
volts 
above 
the 
VEE 
supply. 


Bipolar input signals may be handled 
by connecting 
R14 to a 


positive 
reference 
voltage equal to the peak positive input level 


at pin 15. 


When a de reference 
voltage is used, capacitive bypass to ground 


is recommended. 
The 5.0V logic supply 
is not recommended 


as a reference 
voltage. 
If a well regulated 
5.0V supply which 


drives 
logic is to be used as the reference, 
R14 should 
be de- 


coupled 
by connecting 
it to +5.0V 
through 
another 
resistor 


and 
bypassing 
the 
junction 
of the two 
resistors 
with 
O.l/1F 


to ground. 
For reference 
voltages greater than 
5.0V, a clamp 


diode is recommended 
between 
pin 14 and ground. 


If pin 14 is driven 
by a high impedance 
such as a transistor 


current 
source, 
none 
of 
the 
above 
compensation 
methods 


apply 
and 
the 
amplifier 
must 
be heavily 
compensated, 
de- 


creasing the overall bandwidth. 


OUTPUT VOLTAGE 
RANGE 


The voltage 
on pin 4 is restricted 
to a range of -0.6 
to +0.5 


volts when VEE = -5.0V 
due tothe 
current switching methods 


employed 
in the SSS1508A-8, 
Am 1508. 


The negative 
output 
voltage 
compliance 
of the SSS1508A-8, 
Am1508 
is extended 
to 
-5.0V 
where 
the 
negative 
supply 


voltage 
is more 
negative 
than 
-10 
volts. 
Using a full scale 


current 
of 1.992mA 
and load resistor of 2.5 kilohms between 


pin 4 and 
ground 
will yield 
a voltage 
output 
of 256 levels 


between 
0 and -4.980 
volts. 
Floating 
pin 1 does not affect 


the converter 
speed or power dissipation. 
However, the value 


of 
the 
load 
resistor 
determines 
the 
switching 
time 
due 
to 
increased 
voltage swing. Values of RL up to 500 ohms do not 


significantly 
affect performance 
but a 2.5-kilohm 
load increases 


"worst 
case" settling 
time to 1.2/1S (when all bits are switched 


on). 
Refer 
to 
the subsequent 
text 
section 
on Settling 
Time 
for more details on output 
loading. 


The output 
current 
maximum 
rating 
of 4.2mA 
may be used 


only 
for negative 
supply 
voltages 
more 
negative 
than 
-7.0 


volts, 
due 
to 
the 
increased 
voltage 
drop 
across the 
resistors 


in the reference 
current 
amplifier. 


Absolute 
accuracy 
is the 
measure 
of 
each 
output 
current 


level 
with 
respect 
to 
its intended 
value, 
and 
is dependent 


upon 
relative 
accuracy 
and 
full scale current 
drift. 
Relative 
accuracy 
is the measure 
of each output 
current 
level as a frac- 


tion 
of the 
full 
scale 
current. 
The 
relative 
accuracy 
of the 


SSS1508A-8, 
Am 1508 
is essentially 
constant 
with 
tempera- 


ture 
due to the 
excellent 
temperature 
tracking 
of the mono- 


lithic 
resistor 
ladder. 
The 
reference 
current 
may 
drift 
with 


temperature, 
causing a change in the absolute 
accuracy 
of out- 
put 
current. 
However, 
the 
SSS1508A-8 
has a very low full 
scale current 
drift with temperature. 


The 
SSS1508A-8/ Am 1508 
Series 
is guaranteed 
accurate 
to 
within 
±1/2 
LSB at a full scale output 
current 
of 1.992mA. 


This corresponds 
to a reference 
amplifier 
output 
current 
drive 
to 
the 
ladder 
network 
of 2.0mA, 
with the 
loss of one 
LSB 


(8.0/1A) which 
is the 
ladder 
remainder 
shunted 
to 
gr-ound. 


The input current 
to pin 14 has a guaranteed 
value of between 
1.9 and 2.1mA, 
allowing some mismatch 
in the NPN current 
source 
pair. 
The 
accuracy 
test 
circuit 
is shown 
on page 3. 


The 12-bit converter 
is calibrated 
for a full scale output 
current 
of 1.992mA. 
This is an optional 
step since the SSS1508A-8, 


Am 1508 
accuracy 
is essentially 
the 
same 
between 
1.5 and 
2.5mA. 
Then 
the 
SSS1508A-8, 
Am1508 
circuits' 
full 
scale 
current 
is trimmed 
to the same value with 
R14 so that 
a zero 


value 
appears 
at the 
error 
amplifier 
output. 
The counter 
is 
activated 
and 
the 
error 
band 
may be displayed 
on an oscil- 


loscope, 
detected 
by comparators, 
or stored 
in a peak detector. 


Two 8-bit 
D-to-A converters 
may not be used to construct 
a 


16-bit 
accuracy 
D-to-A 
converter. 
16-bit accuracy 
implies 
a 


total 
error 
of 
±1/2 
of one 
part 
in 65,536 
or ±0.00076%, 
which 
is much 
more 
accurate 
than 
the 
±0.19% 
specification 
provided 
by the SSS 1508A-8, Am 1508. 


MULTIPLYING 
ACCURACY 


The 
SSS1508A-8, 
Am 1508 
may be used in the 
multiplying 


mode 
with 
eight-bit 
accuracy 
when 
the 
reference 
current 
is 


varied 
over a range of 256: 1. If the reference 
current 
in the 


multiplying 
mode ranges from 
16/1A to 4.0mA, 
the additional 
error 
contributions 
are 
less than 
1.6/1A. This is well within 
eight-bit 
accuracy 
when referred to full scale. 


A monotonic 
converter 
is one which 
supplies 
an increase 
in 


current 
for each increment 
in the binary 
word. 
Typically, 
the 


SSS1508A-8, 
Am1508 
is monotonic 
for all values of reference 


current 
above 
0.5mA. 
The recommended 
range for operation 


with a de reference 
cunent 
is 0.5 to 4.0mA. 


SETTLING 
TIME 


The "worst 
case" switching 
condition 
occurs when all bits are 
switched 
"on," 
which 
coresponds 
to a LOW-to-HIGH 
transi- 
tion 
for all bits. This time 
is typically 
250ns 
for settling 
to 
within 
±1!2 
LSB, for 8-bit accuracy, 
and 200ns 
to 1/2 LSB 
for 7 and 6-bit accuracy. 
The turn off is typically 
under 
100ns. 


These times apply when RL ~ 500 ohms and Co ~ 25pF. 


The slowest single switch is the least significant 
bit. In applica- 


tions where the D-to-A converter 
functions 
in a positive-going 


ramp 
mode, 
the 
"worst 
case" 
switching 
condition 
does 
not 


occur, 
and a settling 
time of less than 250ns may be realized. 


Extra care must be taken 
in board 
layout 
since this is usually 


the dominant 
factor in satisfactory 
test results when measuring 
settling 
time. 
Short 
leads, 
100/1F supply 
bypassing 
for low 


frequencies, 
and minimum 
scope lead length are all mandatory. 


Am 2502/2503/2504 
Eight-BitITwelve-Bit 
Successive 
Approximation 
Registers 


Distinctive 
Characteristics 


• 
Contains 
all the storage and control 
for 
successive 


approximation 
A-to-D 
converters. 
• 
Provision 
for 
register extension 
or truncation. 


• 
Can 
be operated 
in START-STOP 
or continuous 


conversion 
mode. 


FUNCTIONAL 
DESCRIPTION 


The 
Am2502, 
Am2503 
and Am2504 
are 8-bit 
and 
12-bit 
TTL 
Suc- 


cessive Approximation 
Registers. 
The registers contain all the digital 


control 
and 
storage 
necessary 
for 
successive approximation 
analog-to- 


digital 
conversion. 
They 
can also be used in digital 
systems as the 


control 
and storage element 
in recursive digital 
routines. 


The registers consist of a set of master latches that act as the control 
elements 
in the device and change 
state 
when the input 
clock is'"LOW, 


and a set of slave latches that hold the register data and change on the 
input clock LOW-te-HIGH transition. 
Externally the device acts as a 


spec;ial.purpose serial-ta-parallel 
converter 
that ~ccepts data at the 0 


input of the register and sends the data to the appropriate 
slave latch 


to appear 
at the register output 
and the DO output 
on the Am2502 


and Am2504 
when the clock 
goes from 
LOW-to-HIGH. 
There are no 


restrictions 
on the data input; 
it can change state at any time except 


during the set-up time just ptior to the clock transition. 
At the same 


time that data enters the register bit the next less significant bit is set 
to a LOW ready for the next iteration. 
The register is reset by holding the S (Start) 
signal LOW during the 


clock LOW-to-HIGH transition. 
The register synchronously 
resets to 


the state 07(!...:!.l 
LOW, (Note 2) and all the remaining register outputs 


HIGH. 
The CC (Conversion Complete) signal is also set HIGH at this 
time. 
The S signal should not be brought 
back HIGH until after the 


• 
100% 
reliability 
assurance 
testing 
in 
compliance 
with 
M I L-STD-883. 
• 
Can be used as serial-to-parallel 
converter 
or ring 


counters. 


• 
Electrically 
tested and optically 
inspected 
dice for 
the assemblers of hybrid 
products, 


clock LOW-to-HIGH transition 
in order to guarantee 
correct 
resetting. 


After the clock has gone HIGH resetting 
the register, the S signal is 


removed. 
On the next clock LOW-to-HIGH transition 
the data on the 


D input is set into the 07(11) 
register bit and the Q6(10) register bit is 


set to a LOW ready for the next clock 
cycle. 
On the next clock 
LOW- 
to-HIGH 
transition 
data enters the 06(10) 
register bit and °5(9) is set 
to a LOW. This operation 
is repeated fOJeach register bit in turn until 
the register has been filled. 
When the data goes into 00' the CC signal 
goes LOW, and the register is inhibited from ftJrther change until reset 
by a Start signal. 


In order 
to 
allow 
complementary 
conversion 
the 
complementary 
output 
of the most significant register bit is made available. 
An active 


LOW enable input, E, on the Am2503 
and Am2504 
allows devices to 


be connected 
together 
to form a longer register 
by connecting 
the 
clock, D, and S inputs together and connecting 
the CC output 
of one 


device to the E input of the next less significant device. When the Start 
signal resets the register, the E signal goes HIGH, forcing the 07(11) 
bit 


HIGH and inhibiting the device from accepting 
data until the previous 
device is full and its CC goes LOW. If only one device is used the E 
input 
should 
be held at a LOW logic level (Ground!. 
If all the bits are 


not required, the register may be truncated 
and conversion time saved 
by using a register output 
going LOW rather than the CC signal to 


indicate the end of conversion. 


Notes: 
1. Cell logic is repeated for register stages. 05 
to 01 
Am2502/3, 
09 
to 01 
Am2504. 


2. Numbers in paren-theses are for Am2504. 


Vcc:: 
Pin 24 


GND=Pin 
12 


NC = Pins 10, 15 22 


CONNECTION 
DIAGRAMS 


Top Views 


~ 
"n 
"" 


~2~~ 
:: 
" 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
Continuous 


DC Voltage 
Applied to Outputs 
for High Output 
State 


DC Input 
Voltage 


Output 
Current, 
Into 
Outputs 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-0.5 
V to +7 V 


-0.5 
V to +Vcc max 


-0.5 
V to +5.5 V 


30 mA 


-30 
mA to +5.0 mA 


Am2502XC 
Am2502XM 


Parameters 


TA:: 
aOc to +7SoC 
VCC = 5.0~ 
±5% 


T A = _55°C 
to +12SoC 
VCC = 5.0V ±10% 


Test Conditions 
Min. 


VOH 
Output 
HIGH 
Voltage 
VCC - MIN., 
10H - -0.48mA 
2.4 
3.6 
Volts 
VIN ~ V1H or VIL 


VOL 
Output 
LOW Voltage 
VCC = MIN., 
10L = 9.6mA 


0.2 
0.4 
Volts 
(Note 
2 ) 
VIN ~ VIH or VIL 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
vOltage for all inputs 


VIL 
Input 
LOW Level 


Guaranteed 
input 
logical 
LOW 
0.8 
Volts 
voltage 
for all !nputs 


IlL 
Unit 
Load 
CP, D,S 
-1.0 
-1.6 


Input 
LOW 
Current 
VCC ~ MAX., 
VIN = O.4V 
mA 


E 
-1.5 
-2.4 


Unit Load 
CP, 0 
6.0 
40 


IIH 
Input 
HIGH 
Current 
VCC ~ MAX., 
VIN ~ 2.4V 


E,S 
12.0 
80 
IlA 


Input HIGH 
Current 
VCC = MAX., 
VIN = 5.5V 
1.0 
mA 


ISC 
Output 
Short 
Circuit 
Current 
VCC ~ MAX., 
VOUT 
= O.OV 
-10 
-25 
-45 
mA 


XM 
65 
85 
Am2502 
mA 
XC 
65 
95 


XM 
60 
80 
ICC 
Power 
Supply 
Current 
VCC = MAX. 
Am2503 
XC 
60 
90 
mA 


XM 
90 
110 


Am2504 
XC 
90 
124 
mA 


Notes: 
1. Typical 
Limits 
are at VCC 
= 5.QV, 
2SoC ambient 
and 
maximum 
loading. 


2. VOL (MAX.) 
= O.4V with 
total 
device 
fanout 
of 
less than 
50 TTL 
Unit 
Loads 
(80mA). 
Otherwise, 
VOL(MAX.) 
~ 0.45V. 


tpd+ 
Turn 
Off 
Delay CP to Output 
HIGH 
(except 
011,011) 
10 
29 
45 
ns 


tpd+ 
Turn 
Off 
Delay CP to 011 
or 011 
HIGH 
10 
35 
50 
ns 


tpd- 
Turn 
On Delay CP to Output 
LOW 
10 
27 
40 
ns 


tslD) 
Set-up Time 
Data Input 
-10 
4.0 
10 
ns 


tslS) 
Set·up 
Time 
Start 
Input 
0 
9.0 
16 
ns 


tpd+IE) 
Turn 
Off 
Delay 
Eta 
07(11) 
HIGH 
I 
(Am2503/Am2504) 
15 
23 
ns 


tpd_1E) 
Turn 
On Delay 
Eta 
07(11) 
LOW 
I 
Cp=H,S~L 
20 
30 
ns 


tpwL(CP) 
Minimum 
LOW Clock 
Pulse Width 
28 
46 
ns 


tpwH(CP) 
Minimum 
HIGH 
Clock 
Pulse Width 
12 
20 
ns 
fmax. 
Maximum 
Clock 
Frequency 
15 
25 
MHz 


DEFINITION OF TERMS 
SUBSCRIPT 
TERMS: 


H 
HIGH, applying 
to a HIGH logic level or when used with VCC 
to indicate 
high Vcc value. 


I Input 


L 
LOW, applying 
to LOW logic level or when used with VCC to 


indicate 
low Vcc value. 


o Output 


FUNCTIONAL 
TERMS: 


Fan-Out 
The 
logic 
HIGH or 
LOW output 
drive capability 
in 


terms 
of Input 
Unit 
Loads. 


Input 
Unit Load 
One T2 L gate input load. 
In the HIGH state it 


is equal to IIH and in the LOW state it is equal to IlL' 


CP The clock input of the register. 


CC The conversion 
complete 
output. 
This output 
remains 
HIGH 


during a conversion 
and goes LOW when a conversion 
is complete. 


D The serial data input of the register. 


E 
The register enable. 
This input is used to expand the length of 


the 
register 
and when 
HIGH forces 
the 
07(11) 
register 
output 


HIGH and inhibits 
conversion. 
When not used for expansion 
the 


enable is held at a LOW logic level (Ground). 


07 (11) 
The true output 
of the MSB of the register. 


07(11) 
The complement 
output 
of the MSB of the register. 


Oi i = 7(11) to 0 The outputs 
of the register. 


S 
The start 
input. 
If the start input 
is held LOW for at least a 


clock period the register will be resef to 07(11) 
LOW and all the 
remaining 
outputs 
HIGH. 
A start pulse that is LOW for a shorter 


period 
of time 
can be used 
if it meets 
the 
set-up time require- 


ments of the S input. 


DO 
The serial data output. 
(The D input delayed 
one bit). 


OPERATIONAL 
TERMS: 


IlL Forward 
input load current. 


-- 


MAY 
CHANGE 
WILL 
BE 
CHANGING 
FROMHTOL 
FROMHTOL 


JJJJJJ 


MAY CHANGE 
Will 
BE 


CHANGING 
FROMlTOH 
FROM L TO H 
-- 


IOH 
Output 
HIGH current, 
forced out of output 
VOH test. 


IOL 
Output 
LOW current, 
forced 
into the output 
in VOL test. 


IIH 
Reverse input 
load current. 


Negative Current 
Current 
flowing out of the device. 


Positive Current 
Current flowing into the device. 


VIH Minimum logic HIGH input voltage. 


VIL Maximum 
logic LOW input voltage. 


VOH 
Minimum 
logic HIGH output 
voltage 
with 
output 
HIGH 
current 
IOH flowing out of output. 


VOL 
Maximum 
logic LOW output 
voltage with output 
LOW cur- 


rent IOL flowing into output. 


SWITCHING 
TERMS: 
(Measured 
at the 1.5V logic level). 


tpd_ 
The 
propagation 
delay 
from 
the clock signal LOW-HIGH 


transition 
to an output 
signal HIGH-LOW transition. 


tpd+ 
The 
propagation 
delay 
from 
the clock 
signal LOW-HIGH 


transition 
to an output 
signal LOW·HIGH transition. 


tpd_(E) 
The 
propagation 
delay 
from 
the 
Enable 
signal HIGH- 


LOW transition 
to the °7(11) output 
signal HIGH-LOW 
trans- 


ition. 


tpd+(E) 
The 
propagation 
delay 
from 
the 
Enable 
signal 
LOW- 


HIGH transition 
to 07(11) 
output 
signal LOW-HIGH transition. 


t,(D) 
Set-up time required 
for the logic level to be present 
at the 


data 
input 
prior to the 
clock 
transition 
from 
LOW to HIGH in 
order for the register to respond. 
The data input 
should 
remain 
steady between 
t, max. and t, min. before the clock. 


~(S) 
Set-up time required 
for a LOW level to be present 
at the 


S input 
prior to the clock transition 
from LOW to HIGH in order 


for the register to be reset, or time required 
for a HIGH level to 


be present 
on 
S before 
the 
HIGH to 
LOW clock transition 
to 


prevent 
resetting. 


tpw(CP) 
The 
minimum 
clock 
pulse 
wjdth 
(LOW or 
HIGH) 


required 
for 
proper 
register 
operation. 
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Am2502/3 
TRUTH 
TABLE 
USER 
NOTES 
FOR 
AID 
CONVERSION 


1. 
The 
register 
can 
be used with 
either 
current 
switches 


that 
require 
a low 
voltage 
level to 
turn 
the switch 
on, 


Time 
Inputs 
Outputs 
or current 
switches 
that 
require 
a high voltage 
level to 


turn 
the current 
switch 
on. 
If current 
switches are used 
tn 
D 
S E 
DO a7 ae as 
a4 a3 
a2 
a1 
ao 
CC 
which 
turn 
on with 
a low 
logic level the resulting 
digital 


0 
x 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
output 
from 
the register 
is active 
LOW. 
That is, a logic 


"1" 
is represented 
as a low voltage level. If current 
swit- 
, 
D7 
H 
L 
X 
L 
H 
H 
H 
H 
H 
H 
H 
H 
ches are used that 
turn 
on with 
a high logic level then 
2 
De 
H 
L 
D7 
D7 
L 
H 
H 
H 
H 
H 
H 
H 
the 
digital 
output 
is active 
HIGH; 
a logic"1"is 
repre- 


3 
DS 
H 
L 
De 
D7 De 
L 
H 
H 
H 
H 
H 
H 
sented as a high voltage level. 


4 
D4 
H 
L 
DS 
D7 De Ds 
L 
H 
H 
H 
H 
H 
2. 
For a maximum 
digital 
error 
of ±Y:.LSB the comparator 


S 
D3 
H 
L 
D4 
D7 De Ds 
D4 
L 
H 
H 
H 
H 
must 
be biased. 
If current 
switches 
that 
require 
a high 


e 
D2 
H 
L 
D3 
D7 De 
DS D4 
D3 
L 
H 
H 
H 
voltage 
level to turn on 
are used, the comparator 
should 


be biased +Y:.LSB and if the 
current 
switches 
require 
a 
7 
D, 
H 
L 
D2 
D7 
De DS D4 
D3 
D2 
L 
H 
H 
high logic level to turn 
on then the comparator 
must be 
8 
Do 
H 
L 
D1 
D7 
De DS 
D4 D3 
D2 
D1 
L 
H 
biased -Y,LSB. 


9 
X 
H 
L 
DO 
D7 De DS 
D4 
D3 D2 
D1 
DO 
L 


10 
X 
X 
L 
X 
D7 De DS 
D4 D3 
D2 
D1 
DO 
L 
3. 
The 
register, by suitable 
selection 
of resistor 
ladder net· 
work, 
can 
be used to 
perform 
either 
binary 
or 
BCD 


X 
X 
H 
X 
H 
NC NC NC NC NC NC NC NC 
conversion. 
Additional 
data input gating should be used to 


EJ 


eliminate the possibility 
of false BCD codes. 


H = HIGH 
Voltage Level 
4. 
The 
register 
can be 
used to 
perform 
2's 
complement 


L = LOW Voltage Level 
conversion 
by 
offsetting 
the 
comparator 
Y, full 
range 


X = Don't Care 
+% 
LSB 
and 
using 
the 
complement 
of 
the 
MSB Q7 
NC = No Change 
(a11)asthe sign bit. 


Note: 
Truth 
Table for Am2504 
is extended 
to include 
5. 
If the register is truncated 
and operated in the continuous 
12outputs. 
conversion 
mode a lock-up condition 
may occur on power- 
on. 
This 
situation 
can 
be 
overcome 
by 
making 
the 
START 
input 
the OR function 
of CC and the appropriate 


register output. 


Am2502/03/04 


Am2502/3 
LOADING 
RULES 
(IN 
UNIT 
LOADS) 
Am2504 
LOADING 
RULES 
(IN 
UNIT 
LOADS) 
Input 
Fanout 
Input 
Fanout 


Pin 
Unit 
Load 
Output 
Output 
Pin 
Unit 
Load 
Output 
Output 
InputlOutput 
No.'s 
LOW 
HIGH 
HIGH 
LOW 
In putlOutput 
No.'s 
LOW 
HIGH 
HIGH 
LOW 


E 
(2503) 
1 
1.5 
2 
E 
1 
1.5 
2 


DO 
(2502) 
1 
12 
6 
DO 
2 
12 
6 


CC 
2 
12 
6 
CC 
3 
12 
6 


QO 
3 
12 
6 
QO 
4 
12 
6 


Q1 
4 
12 
6 
Q1 
5 
12 
6 


Q2 
5 
12 
6 
Q2 
6 
12 
6 


Q3 
6 
12 
6 
Q3 
7 
12 
6 


D 
7 
Q4 
8 
12 
6 


GND 
8 
Q5 
9 
12 
6 


CP 
9 
1 
NC 
10 


S 
10 
2 
D 
11 


Q4 
11 
12 
6 
GND 
12 


Q5 
12 
12 
6 
CP 
13 
1 


Q6 
13 
12 
6 
S 
14 
2 


Q7 
14 
12 
6 
NC 
15 


°7 
15 
12 
6 
Q6 
16 
12 
6 


VCC 
16 
Q7 
17 
12 
6 


MSI 
INTERFACING 
RULES 
Q8 
18 
12 
6 


Equivalent 
Q9 
19 
12 
6 


Input Unit 
Load 
QlO 
20 
12 
6 
Interfacing 
Digital 
Family 
HIGH 
LOW 
Q11 
21 
12 
6 


Advanced 
Micro 
Devices 930012500 
Series 
1 
1 
NC 
22 


FSC Series 9300 
1 
1 
°11 
23 
12 
6 


Advanced 
Micro 
Devices 
54/7400 
1 
1 
Vcc 
24 


TI Series 54/7400 
1 
1 


Signetics 
Series 8200 
2 
2 
A 
Standard 
TTL 
Unit 
Load 
is defined 
as 40~A 
measured 
at 
2.4V 


HIGH and -1.6mA 
measured at O.4V LOW. 


National 
Series DM 75/85 
1 
1 


DTL 
Series 930 
12 
1 
NC ~ No Connection 


INPUT/OUTPUT 
INTERFACE 
CONDITIONS 


3.0 
2. 
2' 
2.4 


2.2 
201. 
"1.4 


1.2 


10 


0.8 
MAXIMUM LOGIC 


0.6 
"LOw" OUTPUT 


VOLTAGE 


VOH,---~~ltl 
__ 


NOISE 
IMMUNITY 


(High 
le~ell 


VlH2 


MINIMUM 
LOGIC 


"HIGH" 
INPUT 


VOLTAGE 


V1L2 


MAXIMUM 
LOGIC 


"LOW" 
INPUT 


VOLTAGE 


v 
~~~if- 
~l2Jt~l;l~ 


NOISE 


IMMUNITY 
(Low 
level) 
_nV~Hl 
VI~2n_.~ 


~LI 
VI~ 


DRIVING 
DRIVEN 


DEVICE 
DEVICE 


Am2502/3/4 APPLICATION 


Continuous 
Conversion 
Analog-to-Digital 
Converter 


SERIAL 
DATA 
OUT 


CONVERSION 
COMPLETE 


This 
shows 
how 
the 
Am2502/3/4 
registers 
are used with 
a Digital~to-Analog 
converter 
and a comparator 
to form 
a very 
high-speed 
can 


tinuous 
conversion 
Analog-ta-Digital 
converter. 
Conversion 
time 
is limited 
mainly 
by the 
speed 
of the 
D/A 
converter 
and 
comparator 
with 


typical conversion rates of 106,000 conversions per second. 


Am25 L02/25 L03/25L04 
Low-Power, Eight-Bit/Twelve-Bit 
Successive 
Approximation 
Registers 


Distinctive 
Characteristics 


• 
Contains 
all 
the 
storage 
and 
control 
for 
successive 


approximation 
A-to-D 
converters. 


• 
Can 
be 
operated 
in 
START-STOP 
or 
continuous 


conversion 
mode. 


The 
Am25L02, 
Am25L03 
and 
Am25L04 
are a·bit 
and 
12·bit 
TTL 


Successive Approximation 
Registers. The registers contain all the digital 


control 
and storage 
necessary 
for 
successive approximation 
anaI09·to· 


digital 
conversion. 
They 
can 
also 
be used in digital 
systems 
as the 
control 
and storage element 
in recursive digital 
routines. 


The 
registers 
consist 
of a set of master 
latches 
that act as the control 


elements 
in the device and change 
state 
when the input 
clock 
is LOW, 
and a set of slave latches 
that 
hold the register 
data and change on the 


input 
clock 
LOW-ta-HIGH 
transition. 
Externally 
the device acts as a 


special 
purpose 
serial-ta-parallel 
converter 
that 
accepts 
data at the 
0 


input 
of 
the 
register and sends the data to the appropriate 
slave latch 


to appear 
at the register 
output 
and the DO output 
on the Am25L02 


and Am25L04 
when 
the clock 
goes from 
LOW-to·HIGH. 
There are no 


restrictions 
on the 
data 
input; 
it can change state at any time 
except 
during 
the 
set·up time 
just 
prior 
to the clock 
transition. 
At 
the same 


time 
that 
data enters the register 
bit the next 
less significant 
bit 
is set 


to a LOW ready for the next iteration. 


The 
register 
is reset by 
holding 
the S (Start) 
signal 
LOW 
during 
the 
clock 
LOW-to-H 
IGH 
transition. 
The 
register 
synchronously 
resets to 


the state 07(11) 
LOW, 
(Note 
2) and all the remaining 
register outputs 
HIGH. 
The 
CC IConversion 
Complete) 
signal is also set HIGH 
at this 


time. 
The S signal 
should 
not 
be brought 
back 
HIGH 
until 
after 
the 


clock 
LOW-to-HIGH 
transition 
in order 
to guarantee 
correct 
resetting. 


• 
100% reliability 
assurance testing 
in compliance 
with 
MIL·STD-883. 


• 
Can 
be 
used 
as serial-to-parallel 
converter 
or 
ring 
counters. 


After 
the 
clock 
has gone 
HIGH 
resetting 
the 
register, 
the 5 signal 
is 


removed. 
On the next 
clock 
LOW-to-H 
IGH transition 
the data on the 


o input 
is set into 
the Q7( 11) register bit and the 06( 10) register bit is 
set to a LOW ready 
for 
the next 
clock 
cycle. 
On the next 
clock 
LOW- 
to-HIGH 
transition 
data enters the Q6(10) 
register 
bit and Q5191 is set 


to a LOW. 
This 
operation 
is repeated for each register bit in turn 
until 
the register 
has been filled. 
When the data goes into 00. the CC signal 
goes LOW, and the register 
is inhibited 
from 
further 
change until 
reset 
by a Start signal. 


In 
order 
to 
allow 
complementary 
conversion 
the 
complementary 


output 
of the most 
significant 
register 
bit 
is made available. 
An active 


LOW enable 
input, 
E, on the Am25L03 
and Am25L04 
allows 
devices 


to 
be connected 
together 
to 
form 
a longer 
register 
by connecting 
the 


clock, 
0, 
and S inputs 
together 
and connecting 
the CC output 
of one 


device to the E input 
of the next less significant 
device. 
When the Start 
signal resets the register, the E signal goes HIGH, 
forcing 
the 07(11) 
bit 
HIGH 
and inhibiting 
the device from 
accepting 
data until 
the previous 


device 
is full 
and 
its CC goes LOW. 
If only 
one device is used the E 
input 
should 
be held 
at a LOW logic 
level (Ground). 
For continuous 


conversion 
the CC output 
is connected 
to the S input 
so that 
the device 


automatically 
restarts 
at the end 
of 
a conversion. 
If all 
the 
bits are 


not 
required, 
the register 
may be truncated 
and conversion 
time 
saved 


by 
using 
a register 
output 
going 
LOW 
rather 
than 
the 
CC signal 
to 
indicate 
the end of conversion. 


~:~~~,~---C;;;;~--I 


I 
I 


I 
I 


Notes: 
1. Cell logic 
is repeated 
for 
register stages. Q5 to Q1 Am25L02/3, 
Q9 to Ql 
Am25L04. 


2. Numbers 
in parentheses 
are for 
Am25L04. 


Vcc = Pin 24 


GND::= 
Pin 
12 
NC 
::= Pins 10, 15 22 


CONNECTION 
DIAGRAMS 


Top Views 


r ,. 
" 
'co 
00 
" "" 
" 
" 
"' 
0, 
'" 
0" 


0, 
~ 
0" 
0, 
Arn25L(\4 " 
'" 
0, 
(2.·P,nl 
" " 
0., . 
" 
0, 


0, 
a, , 
" 
'\; 
" 
" 
"' 
" 
, 


_65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V 
to +VCC max. 


-O.5V 
to +5.5V 


30mA 


-30mA 
to +5.0mA 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 
(Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs 
for High Output 
State 


DC Input Voltage 


Output 
Current, 
Into Outputs 


DC Input Current 


T A = ooc to +7SoC 
T A = _55°C 
to +12SoC 


Test Conditions 


v cc : 5.0V ±5% 
vcc: 
5.0V ±10% 


Min. 


VOH 
Output 
HIGH 
Voltage 
VCC: 
MIN., 
10H: 
-Q.4mA 
2.4 
3.6 
Volts 
VIN: 
VIH or VIL 


VOL 
Output 
LOW 
Voltage 
VCC: 
MIN., 
10L : 4.92mA 


0.15 
0.3 
Volts 
(Note 
21 
VIN: 
VIH or VIL 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
voltage 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 


voltage 
for all inputs 
0.7 
Volts 


CP,D,S 
-0.25 
-0.4 
IlL 
Input LOW Current 
VCC: 
MAX., 
VIN : 0.3V 
mA 


E 
-0.4 
-0.6 


CP, D 
2.0 
20 
Input HIGH 
Current 
VCC: 
MAX., 
VIN 
: 2.4V 
IJ.A 


IIH 
E,S 
4.0 
40 


Input HIGH 
Current 
VCC: 
MAX., 
VIN 
: 5.5V 
1.0 
mA 


ISC 
Output 
Short 
Circuit 
Current 
VCC = MAX., 
VOUT 
= O.OV 
4.0 
15 
35 
mA 


XM 
25 
33 


Am25L02 
mA 
XC 
25 
35 


XM 
22 
31 
ICC 
Power 
Supply 
Current 
VCC = MAX. 
Am25L03 
mA 
XC 
22 
33 


XM 
30 
42 
Am25L04 
mA 
XC 
30 
45 


Notes: 
1. Typical 
limits 
are at VCC 
= 5.QV, 
25°C 
ambient 
and 
maximum 
loading. 


2. VOL(MAX) 
: 
0.3V 
with 
total 
device fanout 
of less than 90 Low 
Power TTL 
Unit 
Loads (36mAI, 
otherwise, 
VOL(MAX) 
: 
0.35V. 


tpd+ 
Turn 
Off 
Delay CP to Output 
HIGH 
(except all, 011) 
20 
75 
110 
ns 


tpd+ 
Turn 
Off 
Delay CP to all 
or all 
HIGH 
30 
100 
140 
ns 


tpd_ 
Turn 
On Delay CP to Output 
LOW 
20 
75 
100 
ns 


ts(D) 
Set·up Time 
Data Input 
-15 
8.0 
20 
ns 


tslS) 
Set-up Time Start 
Input 
0 
20 
25 
ns 


tpd+(E) 
Turn 
Off 
Delay E to 07(11) 
HIGH 
I 
(Am25L03/Am25L04) 
50 
75 
ns 


tpd 
IE) 
Turn On Doloy E to Q7(11 
J LOW 
I _Cp = H, S = L 
60 
75 
ns 
tpwL(CP) 
Minimum 
LOW Clock Pulse Width 
100 
150 
ns 
tpwHICP) 
Minimum 
HIGH 
Clock Pulse Width 
70 
100 
ns 
fm•x. 
Maximum 
Clock 
Frequency 
3.5 
5.0 
MHz 


Am25L02/L03/L04 


Am25L02/3 TRUTH TABLE 


Time 
Inputs 
Outputs 


tn 
D 
S E 
°0 
Q7 
Q6 
Q5 
Q4 
Q3 
Q2 
Q1 
QO 
CC 


0 
X 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


1 
°7 
H 
L 
X 
L 
H 
H 
H 
H 
H 
H 
H 
H 


2 
D6 
H 
L 
°7 
D7 
L 
H 
H 
H 
H 
H 
H 
H 


3 
°5 
H 
L 
D6 
D7 
°6 
L 
H 
H 
H 
H 
H 
H 


4 
D4 
H 
L 
D5 
°7 
D6 
°5 
L 
H 
H 
H 
H 
H 


5 
°3 
H 
L 
°4 
°7 
°6 
°5 
°4 
L 
H 
H 
H 
H 


6 
°2 
H 
L 
°3 
°7 
°6 
D5 
°4 
°3 
L 
H 
H 
H 


7 
D1 
H 
L 
°2 
°7 
D6 
°5 
D4 
°3 
°2 
L 
H 
H 


8 
°0 
H 
L 
°1 
°7 
D6 
D5 
°4 
°3 
°2 
0, 
L 
H 


g 
X 
H 
L 
°0 
°7 
°6 
°5 
°4 
°3 
°2 
0, 
°0 
L 


10 
X 
X 
L 
X 
°7 
°6 
°5 
D4 
D3 
°2 
°1 
°0 
L 


X 
X 
H 
X 
H 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 


H = HIGH 
Voltage 
Level 


L = LOW Voltage 
Level 


X = Oon't 
Cere 


NC = No Change 


Note: 
Truth 
Table for Am25L04 
is extended 
to include 


12 outputs. 


USER NOTES FOR AID CONVERSION 


1. 
The 
register 
can 
be used 
with 
either 
current 
switches 


that 
require 
a low voltage 
level to turn 
the switch 
on, 


or current 
switches 
that 
require 
a high voltage level to 


turn the current 
switch on. 
If current 
switches are usee 


which turn on with a low logic level the resulting digital 
output 
from the register is active 
LOW. 
That is, a logic 


"1" is represented 
as a low voltage level. If current 
swit- 
ches are used that 
turn 
on with a high logic level then 


the 
digital 
output 
is active 
HIGH; a logic "1" is repre- 
sented as a high voltage level. 


2. 
For a maximum 
digital error of ±Y,LSB the comparator 


must 
be biased. 
If current 
switches 
that 
require 
a low 


voltage level to turn on are used, the comparator 
should 


be biased 
+Y,LSB and if the 
current 
switches 
require 
a 


high logic level to t'urn on then the comparator 
must be 


biased -Y,LSB. 


3. 
The register, 
by suitable 
selection 
of resistor ladder net- 


work, 
can 
be used 
to 
perform 
either 
binary 
or 
BCD 


conversion. 


4. 
The 
register 
can 
be used 
to 
perform 
2's complement 


conversion 
by offsetting 
the 
comparator 
% full 
range 


+% 
LSB 
and 
using 
the 
complement 
of 
the 
MSB 


Q7 (11) as the sign bit. 


5. 
If the 
register 
is truncated 
and operated 
in the contin- 


uous conversion 
mode a lock-up condition 
may occur on 
power-on. 
This situation 
can be overcome 
by making 


the START 
input the OR function 
of CC and the appro- 


priate register output. 


KEY TO TIMING 
DIAGRAM 


WAVEFORM 
INPUTS 
OUTPUTS 


MUST BE 
WILL 
BE 
STEADV 
STEADY 


-- 


MAY 
CHANGE 
WILL 
BE 


FROM H TO L 


CHANGING 
FROMHTOl 
.- 


MAY 
CHANGE 
WILL 
BE 


FROM L TO H 


CHANGING 
FROM 
l TO H 
-- 


DON'T CARE; 
CHANGING; 


ANY CHANGE 
STATE 
PERMITTED 
UNKNOWN 


L1C·239 
, 
5; 
t--~------ 
1.5VENABLETOQ71111 


l25L03.25L04I_____________ 
_,••_••~-'_., 
•• 
_-~ 
~_ 
CP. 
HWHEN 
ENABLE 
CHA'4GES 


~ 
_- 
-.. 
.. 
\ \ t'''''_'''"AX 


01(11)~~~~~~~~~~~~~~~ ~~ 
-----------'\-',\\_ 
15V~~RLI~~ 
~:~:,~~i~lS;~:;ES~~;;L 
APPUEO 


CLOCK 


INPUTS 


DATA 


a, 
I 


a, 
I 
L----.J 


as 
J 


a, 
I 
L----.J 


a, ===oJ 
OUTPUTS 
a, ===oJ 
a, ===oJ 


"0 ===oJ 


CONVERSION ===oJ 


COMPLETE 


oa 


Am25L02l3/4 
APPLICATION 


Continuous 
Conversion 
Analog-to-Digital 
Converter 


SERIAL 
DATA 
OUT 


CONVERSION 
COMPLETE 


This shows how the Am25L02/3/4 
registers are used with 
a Digital·to·Analog 
converter 
and a comparator 
to form 
a very high·speed 


continuous 
conversion 
Analog·to·Digital 
converter. 
Conversion time is limited 
mainly by the speed of the D/A converter and comparator 
with 
typical 
conversion 
rates of 300,000 
conversions per second. 
The comparator 
can be the Amlll 
precision comparator, 
or Aml 06 
high-speed comparator. 


Metallization 
and Pad Layout 


Am25L03 


Am6070 
Companding D-to-A Converter for Control Systems 


Distinctive Characteristics 


• Tested to J.t-255companding law 
• Absolute accuracy specified - includes all errors over 


temperature range 
• Settling time 300ns typical 
• Ideal for multiplexed PCM, audio, and a-bit J.t-P 


systems 
• Output dynamic range of 72 dB 
• 12-bit accuracy and resolution around zero 


• Sign plus 12-bit range with sign plus 7-bit coding 
• Improved pin-for-pin replacement for DAC-76 
• Microprocessor controlled operations 
• Multiplying operation 
• Negligible output noise 
• Monotonicity guaranteed over entire dynamic range 
• Wide output voltage compliance 
• Low power consumption 


The Am6070 monolithic companding D/Aconverter achieves 
a 72dB dynamic range which is equivalent to that achieved 
by a 12-bit converter. 


The transfer function of the Am6070 complies with the Bell 
system J.L-255 
companding law, and consists of 15 linear 


segments or chords. A particular chord is identified with the 
sign bit input, (5B) and three chord select input bits. Each 
chord contains 16 uniformly spaced linear steps which are 


I 


I 


I 


I 


I 


I 


Part Number 
Temperature 
Accuracy 


Am6070ADM 
-55°C to +125°C 
±1/2 step 


Am6070DM 
-55°C to +125°C 
±1 step 


Am6070ADC 
O°Cto +70°C 
±1/2 step 


Am6070DC 
DOC to +7DoC 
±1 step 


determined by four step select input bits. Accuracy and 
monotonicity are assured by the internal circuit design and 
are guaranteed over the full temperature range. 


Applications for the Am6070 include digital audio recording, 
servo-motor controls, electromechanical positioning, voice 
synthesis, secure communications, 
microprocessor 
con- 


trolled sound and voice systems, log sweep generators and 
various data acquisition systems. 


CONNECTION DIAGRAM 


Am6070 


'8 
POSITIVE POWER SUPPl Y 
" 


DECODER 
OUT: e/o S8" 
00 


,. 
DECODER 
OUT: 
EJD 58" 
01 


" 


ENCODER 
OUT: 
E/D S8 -10 


" 


ENCODER 
OUT: eiB 58" 
11 


13 
NEGATIVE 
POWER 
SUPPL 
V 


12 
NEGATIVE 
REFERENce 
INPUT 


Encoder 
Characteristic 


V+ Supply 
to V- 
Supply 
36V 
Operating 
Temperature 


VLC Swing 
V- 
plus 8V to V+ 
MIL 
Grade 
-55°C 
to +125°C 


Output 
Voltage 
Swing 
V- 
plus 8V to V- 
plus 36V 
COM'L 
Grade 
O°C to +70°C 


Reference 
Inputs 
V- 
to V+ 
Storage Temperature 
_65°C 
to +150°C 


Reference 
Input 
Differential 
Voltage 
±18V 
Power Dissipation 
T A';;; 
100° C 
500mW 


Reference 
Input 
Current 
1.25mA 
For T A> 
100 


0 C derate at 
10mWfC 


Logic 
Inputs 
V- 
plus 8V to V- 
plus 36V 
Lead Soldering 
Temperature 
300°C 
(60 see) 


Resolution 
±128 Steps 


Monotonicity 
For both groups of 128 steps and over full operating 
temperature 
range 


Dynamic 
Range 
72 dB, (20 log 117,15/10, 1)1 


ELECTRICAL CHARACTERISTICS 


These specifications 
apply 
forV+ 
= +15V, V- 
= -15V, 
IREF = 528p.A, DoC.,; TA.,; 
+ 70°C, forthe 
commercial 
grade, 
-55°C"; 
TA.,; 


+125C, 
for the 
military 
grade, 
and for 
all 4 outputs 
unless 
otherwise 
specified. 
Am6070ADM 
Am6070DM 


Am6070ADC 
Am6070DC 
Parameter 
Description 
Test Conditions 
Min. 
Typ. Max. Min. 
Typ. Max. 
Units 


To within 
±1I2 step at TA = 25°C 


ts 
Settling 
Time 
output 
switched 
from 
300 
500 
300 
500 
ns 


Izs to IFS 


Chord Endpoint Accuracy 
±112 
±1 
Step 


Step Nonlinearity 
Guaranteed by output 
±112 
±1 
Step 


IFS(o) 
Full Scale Current Deviation 
current error specified 
±1/2 
±1 
below. 


IFS(E) 
From Ideal 
±112 
±1 


VREF = 10.000V 
RREF+ = 18.94k!l 


.i1o 
Output Current Error 
RREF- = 20k!l 
±112 
±1 
Step 
-5.0V 
,;; VOUT ,;; +18V 
Error referred to nominal values 
in Table 1. 
VREF - 
10.000V 
RREF+ = 18.94k!l 


10(+)-10(-) 
Full Scale Symmetry 
Error 
RREF = 20k!l 
1140 
1/8 
1/20 
1/4 
Step 


-5.0V 
,;; VOUT ,;; +18V 
1/40 
1/8 
1/20 
1/4 
Step 


Error referred to nominal values 
in Table 1 


IEN 
Encode Current 
Additional 
output 
3/8 
1/2 
5/8 
1/4 
1/2 
3/4 
Step 
Encode/Decode = 1 


Izs 
Zero Scale Current 
Measured at selected output 
1/40 
114 
1120 
112 
Step 
with 000 0000 input 


.iIFS 
Full Scale Drift 
Operating temperature 
range 
±1I20 
±1/4 
±1110 
±1/2 
Step 


Voc 
Output Voltage Compliance 
Full scale current change 
-5.0 
+18 
-5.0 
+18 
Volts 
,;;1/2 step 


10iS 
Disable Current 
Output leakage 
5.0 
50 
5.0 
50 
nA 
Output disabled by EID and SB 


IFSR 
Output Current Range 
0 
2.0 
4.2 
0 
2.0 
4.2 
mA 


VIL 
I Logic "0" 
0.8 
0.8 
VIH 
Logic Input Levels I Logic "1" 
VLC = OV 
Volts 
2.0 
2.0 


IIN 
Logic Input Current 
V1N = -5.0V 
to +18V 
40 
40 
p.A 


VIS 
Logic Input Swing 
V- 
- 
-15V 
-5.0 
+18 
-5.0 
+18 
Volts 


Is REF- 
Reference Bias Current 
-1.0 
-4.0 
-1.0 
-4.0 
p.A 


dildt 
Reference Input Slew Rate 
0.12 
0.25 
0.12 
0.25 
mAJp.s 


PSSIFS+ 
Power Supply Sensitivity 
V+ = 4.5 to 18V, V- 
= -15V 
±1I20 
±1/2 
±1I20 
±1/2 
Step 
PSSIFS- 
Over Supply Range (Refer 
V- 
= 10.8 + -18V, V+ = 15V 
±1/10 
±1/2 
±1I10 
±1/2 
Step 
to Characteristic Curves) 


1+ 
V+ - 
+5.0 to +15V. V- 
- 
-15V 
2.7 
4.0 
2.7 
4.0 
1- 


Power Supply 
Current 
IFS = 2.0mA 
mA 
-6.7 
-8.8 
-6.7 
-8.8 


Po 
Power Dissipation 
V---15V, 
VOUT-O 
I V+ - 
5.0V 
114 
152 
114 
152 


IFS = 2.0mA 
I V+ = +15V 
141 
mW 
192 
141 
192 


TABLE 1 
NOMINAL DECODER OUTPUT CURRENT LEVELS IN /LA 


CHORD 


STEP 
0 
1 
2 
3 
4 
5 
6 
7 


0 
.000 
8.250 
24.750 
57.750 
123.75 
255.75 
519.75 
1047.75 


1 
.500 
9.250 
26.750 
61.750 
131.75 
271.75 
551.75 
1111.75 


2 
1.000 
10.250 
28.750 
65.750 
139.75 
287.75 
583.75 
1175.75 


3 
1.500 
11.250 
30.750 
69.750 
147.75 
303.75 
615.75 
1239.75 


4 
2.000 
12.250 
32.750 
73.750 
155.75 
319.75 
647.75 
1303.75 


5 
2.500 
13.250 
34.750 
77.750 
163.75 
335.75 
679.75 
1367.75 


6 
3.000 
14.250 
36.750 
81.750 
171.75 
351.75 
711.75 
1431.75 


7 
3.500 
15.250 
38.750 
85.750 
179.75 
367.75 
743.75 
1495.75 


8 
4.000 
16.250 
40.750 
89.750 
187.75 
383.75 
775.75 
1559.75 


9 
4.500 
17.250 
42.750 
93.750 
195.75 
399.75 
807.75 
1623.75 


10 
5.000 
18.250 
44.750 
97.750 
203.75 
415.75 
839.75 
1687.75 


11 
5.500 
19.250 
46.750 
101.750 
211.75 
431.75 
871.75 
1751.75 


12 
6.000 
20.250 
48.750 
105.750 
219.75 
447.75 
903.75 
1815.75 


13 
6.500 
21.250 
50.750 
109.750 
227.75 
463.75 
935.75 
1879.75 


14 
7.000 
22.250 
52.750 
113.750 
235.75 
479.75 
967.75 
1943.75 


15 
7.500 
23.250 
54.750 
117.750 
243.75 
495.75 
999.75 
2007.75 


STEP 
.5 
1 
2 
4 
8 
16 
32 
64 
SIZE 


TABLE 2 
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM FULL SCALE 


CHORD 


STEP 
0 
1 
2 
3 
4 
5 
6 
7 


0 
- 
-47.73 
-38.18 
-30.82 
-24.20 
-17.90 
-11.74 
-5.65 


1 
-72.07 
-46.73 
-37.51 
-30.24 
-23.66 
-17.37 
-11.22 
-5.13 


2 
-66.05 
-45.84 
-36.88 
-29.70 
-23.15 
-16.87 
-10.73 
-4.65 


3 
-62.53 
-45.03 
-36.30 
-29.18 
-22.66 
-16.40 
-10.27 
-4.19 


4 
-60.03 
-44.29 
-35.75 
-28.70 
-22.21 
-15.96 
-9.83 
-3.75 


5 
-58.10 
-43.61 
-35.24 
-28.24 
-21.77 
-15.53 
-9.41 
-3.33 


6 
-56.51 
-42.98 
-34.75 
-27.80 
-21.36 
-15.13 
-9.01 
-2.94 


7 
-55.17 
-42.39 
-34.29 
-27.39 
-20.96 
-14.74 
-8.63 
-2.56 


8 
-54.01 
-41.84 
-33.85 
-26.99 
-20.58 
-14.37 
-8.26 
-2.19 


9 
-52.99 
-41.32 
-33.44 
-26.61 
-20.22 
-14.02 
-7.91 
-1.84 
10 
-52.07 
-40.83 
-33.04 
-26.25 
-19.87 
-13.68 
-7.57 
-1.51 


11 
-51.25 
-40.37 
-32.66 
-25.90 
-19.54 
-13.35 
-7.25 
-1.18 


12 
-50.49 
-39.93 
-32.29 
-25.57 
-19.22 
-13.03 
-6.93 
-0.87 


13 
-49.80 
-39.51 
-31.95 
-25.25 
-18.91 
-12.73 
-6.63 
-0.57 
14 
-49.15 
-39.11 
-31.61 
-24.94 
-18.61 
-12.43 
-6.34 
-0.28 
15 
-48.55 
-38.73 
-31.29 
-24.63 
-18.32 
-12.15 
-6.06 
0.00 


Functional Description 


The Am6070 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product ofthe digital inputs and 
the input reference current. The full scale output current, IFS' 
is specified by the input binary code 111 1111,and is a linear 
function of the reference current, 'REF. There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/iS),input signal. A logic 1 applied to the 
E/5 input places the Am6072 in the encode mode and current 
will flow into the 10E(+) or 10E(-) 
output, depending_on the 


state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places the Am6070 in the decode mode. 


The transfer characteristic 
is a piece-wise linear approxi- 


mation t6 the Bell System 1'--225logarithmic 
law which 


can be written as follows: 


y = O.18~n(1 + I'- IXI) sgn (X) 


where: X = analog signal level normalized to unity 


(encoder input or decoder output) 
Y = digital signal level normalized to unity 


(encoder output or decoder input) 
I'- = 255 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and Ei5 in- 
puts. The output current transfer function can be represented 
by a total of 16 segments or chords addressable through the 
SB input and three chord select bits. Each chord can be 
further divided into 16 steps, all of the same size. The step 
size changes from one chord to another, with the smallest 
step of O.5I'-Afound in the first chord near zero output cur- 
rent, and the largest step of 64JLAfound in the last chord near 
full scale output current. This nonlinear feature provides 
exceptional accuracy for small signal levels near zero output 
current. The accuracy for signal amplitudes corresponding 
to chord 0 is equivalent to that of a 12-bit linear, binary D/A 
converter. However, the ratio (in dB) between the chord 


'REF 
~ VREF/RREF 


IDEAL 
VALUES: 
IREF = 528!,A. 
IFS = 2007.75!,A 


E/O 
SB 
B, 
B2 
B3 
B. 
B5 
BG 
B7 
ED 


POSITIVE 
FULL SCALE 
0 
1 
1 
1 
1 
1 
1 
1 
1 
5,019V 


1+1 ZERO 
SCALE 
+1 
STEP 
0 
1 
0 
0 
0 
0 
0 
0 
1 
O.OO12V 


1+1 ZERO 
SCALE 
0 
1 
0 
0 
0 
0 
0 
0 
0 
ov 
, I ZERO SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ov 


(-I ZERO SCALE H STEP 
0 
0 
0 
0 
0 
0 
0 
0 
1 
-Q.OO12V 


NEGATIVe 
FULL 
SCALE 
0 
0 
1 
1 
1 
1 
1 
1 
1 
5.019V 


endpoint current, (Step 15), and the current which corres- 
ponds to the preceding step, (Step 14),is maintained at about 
O.3dBover most of the dynamic range. The difference bet- 
ween the ratios of full scale current to chord endpoint cur- 
rents of adjacent chords is similarly maintained at approxi- 
mately 6dB over most of the dynamic 
range. Resulting 


signal-to-quantizing 
distortions due to non-uniform quantiz- 


ing levels maintain an acceptably low value over a 40dB 
range of input speech signals. Note that the 72dB output 
dynamic range for the Am6070 corresponds to the dynamic 
range of a sign plus 12-bit linear, binary D/A converter. 


In order to achieve a smoother transition 
between adja- 


cent chords, the step size between these chord end points 
is equal to 1.5 times the step size of the lower 
chord. 


Monotonic operation is guaranteed by the internal device 
design over the entire output dynamic 
range by specify- 


ing and maintaining 
the chord end points and step size 


deviations within the allowable limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding 
analog current signal, i.e., the 


basic function is digital-to-analog 
decoding. The basic de- 


coder connection for a sign plus 7-bit input configuration 
is 


shown in Figure 1. The corresponding 
dynamic range is 


72dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching 
bet- 


ween the encode, 10E(+) or 'OEl-)' 
and the decode, '00(+) 
or 


100(-), outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the E/Dinput is high, (a logic 1), the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the 'OE outputs (as determined by 
the SB input). When operating in the encode mode as shown 
in Figure 3, an offset current equal to a half step in each chord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 


IOE 1+1 
'OEI-I 
1001+1 
100 I-I 


IEal/Rll 
lEol/A2' 
IE02/R3) 
IE02/R4) 


lEN, is automatically added to the 10E output through the 
internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 321J.A. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.25IJ.A,which will bring the ideal encode 
current value for step 0on chord 0to ±0.25IJ.Awith respectto 
the corresponding decode current value of O.OIJ.A.This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 72dB to 78dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the Eii5 input as a 
ninth digital input and has the outputs 1001+) and 10E(+) and 
the outputs 100(-) 
and 10EI-) 
tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6070 can be used together with a Successive 
Approximation 
Register (SAR), comparator, and additional 


SSI logic elements to perform the AID data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1,characterizesthis AIDconverter system. The fi rsttask 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input 
value. When the proper Start, S, and Conversion Complete, 
CC, signal levels are set, the first clock pulse sets the MSB 
output of the SAR, Am2502, to a logic 0 and sets all other 
parallel digital outputs to logic 1levels. At the sametime, the 
flip-flop is triggered, and its output provides the E/D input 
with a logic 0 level. No currentflows into the 10E outputs. This 
disconnects the converter from the comparator inputs, and 
the incoming 
analog signal can be compared with the 


ground applied to the opposite comparator input. The result- 
ing comparator output is fed to the Am2502 serial data input, 
0, through an exclusive-or gate. At the same time, the sec- 
ond input to the same exclusive-or gate is held at a logic 0 
level by the additional 
successive approximation 
logic 


shown in Figure 3. This exclusive-or gate inverts the com- 
parator's outputs whenever a negative signal polarity is de- 
tected. This maintains the proper output current coding, i.e., 
all ones for full scale and all zeros for zero scale. 


The second clock pulse changes the EfD input backto a logic 
1 level because the CC signal changed. It also clocks the 0 


(GROUNDED 
FOR 


SINGLE·ENDED 
r -- 


INPUTSI...L 


2.5kn 


input signal ofthe Am2502to its MSBoutput, and transfers it 
to the SBinput ofthe Am6070. Depending upon the SB input 
level, current will flow into the 10E(+) or 10E(-) 
output of the 
Am6070. 


Nine total clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6070 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the AIDsystem input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6070 output currentto a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier's 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0, sink current appears at the amplifier's 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (-) output of the Am6070. 
The resulting operational amplifier's 
output in Figure 1 


should ideally be symmetrical with resistors R1 and R2 
matched. 


In Figure 2, two operational amplifiers measure the cur- 
rents of each of the four Am6070 analog outputs. Resistor 
tolerances of 0.1% give 0.1% output measurement error 
(approximately 2IJ.Aat full scale). The input offset currents 
of the Aland 
A2 devices also increase output measure- 


ment error and this error is most significant 
near zero 
scale. The Aml01A and 308 devices, for example, may be 
used for Aland 
A2 since their maximum offset currents, 


which would add directly to the measurement error, are 
only 10nA and 1nA, respectively. The input offset voltages 
of the Aland 
A2 devices, with output resistor values of 


2.5k11,also contribute to the output measurement error by 
a factor of 400nA for every mV of offset at the A1 and A2 
outputs. Therefore, to minimize error, the offset voltages 
of A1 and A2 should be nulled. 


The recommended operating range for the reference cur- 
rent IREFis from 0.1mA to 1.0mA. The full scale output 
current, IFs, is a linear function of the reference current, 
and may be calculated from the equation IFS = 3.8 IREF. 
This tight relationship between IREFand IFSalleviates the 
requirement for trimming 
the IREFcurrent if the RREFre- 
sistors values are within 
± 1% of the calculated 
value. 


Lower values of IREFwill reduce the negative power sup- 
ply current, (1-), and will increase the reference amplifier 
negative common mode input voltage range. 


The ideal value for the reference current IREF= VREF/RREF 
is 


528JLA. The corresponding ideal full scale decode and en- 
code current values are 2007.75JLAand 2039.75JLA,respec- 
tively. A percentage change from the ideal IREFvalue pro- 
duced by changes in VREFor RREFvalues produces the same 
percentage change in decode and encode output current 
values. The positive voltage supply, V+, may be used, with 
certain precautions, for the positive reference voltage VREF. 
Inthis case,the reference resistor RREF(+)should besplit into 
two resistors and their junction bypassed to ground with a 
capacitor of 0.01JLF.The total resistor value should provide 
the reference current IREF= 528JLA. The resistor RREF(-) 
value should be approximately equal to the RREF(+lvalue in 
order to compensate for the errors caused by the reference 
amplifier's input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1, 2 and 3 is the application of a negative 
voltage to the VR(-) terminal through the resistor RREFI-) 
with the RREF(+lresistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the VR1_)terminal while the reference current flows from 
ground through RREF(+)into the VR(+l terminal. 


Figure4. Interfacing Circuits for ECL, CMOS,HTL, 


and NMOS Logic Inputs. 
L1C·249 


The Am6070 has a wide output voltage compliance suit- 
able for driving a variety of loads. With IREF= 528JLA and 
V- 
= -15V, 
positive voltage 
compliance 
is +18V and 


negative voltage compliance is -5.0V. For other values of 
IREFand V-, 
the negative voltage compliance, 
VOC1-), 


may be calculated as follows: 


Voc(-) = (V-) 
+ (2 -IREF - 1.5k11)+ 8AV. 


The following 
table 
contains 
VOC(-) values 
for some 


specific V-, 
IREF,and IFSvalues. 


NegativeOutput Voltage ComplianceVOC(-) 


~ 


264J.LA 
528/lA 
1056/lA 


V- 
(IFS) 
(lmA) 
(2mA) 
(4mA) 


-12V 
-2.8V 
-2.DV 
-DAV 


-15V 
-5.8V 
-5.DV 
-3AV 


-18V 
-8.8V 
-8.DV 
-6.4V 


The VLC input 
can accommodate 
various 
logic 
input 


switching threshold voltages allowing the Am6070 to in- 
terface with various logic families. This input should be 
placed at a potential which is 1AV below the desired logic 
input switching threshold. Two external discrete circuits 
which provide this function for non-TTL driven inputs are 
shown in Figure 4. For TTL-driven logic inputs, the VLC 
input 
should 
be grounded. 
If negative 
voltages 
are 


applied at the digital logic inputs, they must have a value 
which is more positive than the sum of the chosen V- 
value and +10V. 


With a V- 
value chosen between -15V 
and -11V, 
the 


VOC(-), the input reference common mode voltage range, 
and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between -15V and the 
V- value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
enceamplifier common mode positive voltage range and the 
VLCinput values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. 


OUTPUT 
VOLTAGE 
(v) 


INPUT 
CODE 


(E/D, 
SI:l. 8,... ".871 
"A" 
"8" 
"C" 
DIFF 


10111 
1111 
0 


101101111 
+5.02 
NIA 
NIA 
NIA 


10000 
0000 
+10.00 


01111 
1111 
~5,OO 
+5.00 
-10.00 


011101111 
+0,02 
+5.00 
-498 


01000 0000 
NIA 
+5.00 
+5.00 
0 


00000 0000 
+5.00 
+5.00 
0 


001101111 
+5.00 
'to 02 
+498 


00 
1111111 
+5.00 
-500 
+1000 


Notes: 
2. Set the voltage 
"A" 
to the desired 
logic input 
switching 
threshold. 


3. Allowable 
range of logic threshold 
is typically 
-5V 
to +13.5V 
when operating 
the companding 
DAC on ±15V supplies. 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


~ 


0 
1 
2 
3 
4 
5 
6 
7 


Step (S) 
000 
001 
010 
011 
100 
101 
110 
111 


0 
0000 
0 
33 
99 
231 
495 
1023 
2079 
4191 
1 
0001 
2 
37 
107 
247 
527 
1087 
2207 
4447 
2 
0010 
4 
41 
115 
263 
559 
1151 
2335 
4703 


3 
0011 
6 
45 
123 
279 
591 
1215 
2463 
4959 
4 
0100 
8 
49 
131 
295 
623 
1279 
2591 
5215 
5 
0101 
10 
53 
139 
311 
655 
1343 
2719 
5471 
6 
0110 
12 
57 
147 
327 
687 
1407 
2847 
5727 
7 
0111 
14 
61 
155 
343 
719 
1471 
2975 
5983 
8 
1000 
16 
65 
163 
359 
751 
1535 
3103 
6239 
9 
1001 
18 
69 
171 
375 
783 
1599 
3231 
6495 
10 
1010 
20 
73 
179 
391 
815 
1663 
3359 
6751 
11 
1011 
22 
77 
187 
407 
847 
1727 
3487 
7007 
12 
1100 
24 
81 
195 
423 
879 
1791 
3615 
7263 
13 
1101 
26 
85 
203 
439 
911 
1855 
3743 
7519 
14 
1110 
28 
89 
211 
455 
943 
1919 
3871 
7775 
15 
1111 
30 
93 
219 
471 
975 
1983 
3999 
8031 


Step Size 
2 
4 
8 
16 
32 
64 
128 
256 


The normalized decode current, (lc,s), is calculated using: 
Ic.s = 2{2c(S + 16.5) - 
16.5) 


where C = chord number; S = step number. The ideal de- 
code current. (100),in /LA is calculated using: 


100 = (lc. 
sl17• 1S(norm.) 
• IFS (/LA) 


where Ic•s is the corresponding 
normalized current. To ob- 


tain normalized encode current values the corresponding 
normalized half-step value should be added to all entries in 
Table 3. 


Table 4 
Normalized Encode Level (Sign Bit Excluded) 


~ 


0 
1 
2 
3 
4 
5 
6 
7 


STEP 
000 
001 
010 
011 
100 
101 
110 
111 


0 
0000 
1 
35 
103 
239 
511 
1055 
2143 
4319 


1 
0001 
3 
39 
111 
255 
543 
1119 
2271 
4575 


2 
0010 
5 
43 
119 
271 
575 
1183 
2399 
4831 
3 
0011 
7 
47 
127 
287 
607 
1247 
2527 
5087 
4 
0100 
9 
51 
135 
303 
639 
1311 
2655 
5343 


5 
0101 
11 
55 
143 
319 
671 
1375 
2783 
5599 
6 
0110 
13 
59 
151 
335 
703 
1439 
2911 
5855 


7 
0111 
15 
63 
159 
351 
735 
1503 
3039 
6"1 


8 
1000 
17 
67 
167 
367 
767 
1567 
3167 
6367 


9 
1001 
19 
71 
175 
383 
799 
1631 
3295 
6623 
10 
1010 
21 
75 
183 
399 
831 
1695 
3423 
6879 
11 
1011 
23 
79 
191 
415 
863 
1759 
3551 
7135 
12 
1100 
25 
83 
199 
431 
895 
1823 
3679 
7391 
13 
1101 
27 
87 
207 
447 
927 
1887 
3807 
7647 
14 
1110 
29 
91 
215 
463 
959 
1951 
3935 
7903 
15 
1111 
31 
95 
223 
479 
991 
2015 
4063 
8159 


Step Size 
2 
4 
8 
16 
32 
64 
128 
256 


IC•S= 2[2c (S+ 17)- 16.5] 


C = chord 
no. (0 through 
7) 


S = step no. (0 through 
15) 


Table 5 
Decoder Step Size Summary 


Resolution 
& 


Step Size 
Step Size 
Step Size 
Step Size in 
Step Size as a % 
Accuracy 
of 
Normalized 
in IJ.Awith 
as a % of 
dB at Chord 
of Reading at 
Equivalent 
Chord 
to Full Scale 
2007.751J.A FS 
Full Scale 
Endpoints 
Chord Endpoints 
Binary DAC 


0 
2 
0.5 
0.025% 
0.60 
6.67% 
Sign + 12 Bits 
1 
4 
1.0 
0.05% 
0.38 
4.30% 
Sign + 11 8its 
2 
8 
2.0 
0.1% 
0.32 
3.65% 
Sign + 10 Bits 


3 
16 
4.0 
0.2% 
0.31 
3.40% 
Sign + 
9 Bits 
4 
32 
8.0 
0.4% 
0.29 
3.28% 
Sign + 
8 Bits 
5 
64 
16.0 
0.8% 
0.28 
3.23% 
Sign + 
78its 
6 
128 
32.0 
1.6% 
0.28 
3.20% 
Sign + 
6 Bits 
7 
256 
64.0 
3.2% 
0.28 
3.19% 
Sign + 
5 Bits 
EJ 


Table 6 
Decoder Chord Size Summary 


Chord Endpoints 
Chord Endpoints 
Chord Endpoints 
Chord Endpoints 


Normalized 
to 
in IJ.Awith 
as a % of 
in dB Down 
Chord 
Full Scale 
2007.751J.A FS 
Full Scale 
from Full Scale 


0 
30 
7.5 
0.37% 
--48.55 


1 
93 
23.25 
1.16% 
-38.73 


2 
219 
54.75 
2.73% 
-31.29 


3 
471 
117.75 
5.86% 
-24.63 


4 
975 
243.75 
12·.1% 
-18.32 


5 
1983 
495.75 
24.7% 
-12.15 


6 
3999 
999.75 
49.8% 
-6.06 


7 
8031 
2007.75 
100% 
0 


±10V RANGE ENCODER/DECODER 
CONNECTIONS 


IREF = VIN/RIN 
+ vREF/RREF 


IFS '" 4 
0 IREF 


LOGARITHMIC 
DIGITAL 
GAIN CONTROL 


(Notes 4& 
5) 


COMPLIANCE EXTENSION 


USING AC COUPLED OUTPUT 


IDEAL 
VALUES: 


IREF 
~ 5281'A 


I FS ~ 2007.751'A 


IREF 
~ (VREF 
- 
VINl/RREF 


IFS"'4oIREF 


VREF 
2.5Hl 


•.'ov 
FREOUENCY 


RESPONSE 
20kfi 
TEST 
{RREF) 


20"" 
t--o 
r 


':'" 
TEST 


V'N~o---1 


~5.0V 
INPUT 


t--o 


Reference 
Amplifier 
Total Harmonic 
Distortion 


Versus Frequency 
(80kHz 
Filter) 


(Notes 6, 7, 8) 


IlIm 
See Note 8 


•• 
I 
0.5 
zo 
~ 
0.2 
a: 
~ 
0.1 
C 0.05 
u 
~ 
0.02 


~. 
0.01 
" 
I: 0.005 
<ib 0.002 
I- 0.001 
10 


LARGE 
SIGNAL 


INPUT +5V PEAK 
(50% MODULATION) 


100 
l.Ok 


Power Supply 
Currents 


Versus Power Supply 
Voltages 


"E 
7.0 


I 
I- 
6.0 
:'i 
~ 
5.0 
::> 


~ 
4.0 


~ 
3.0 
;;: 


ffi 
~ 


2.0 


1.0 
ALL BITS "HIGH" 
ORI 


"L~W"I __ 


IFS 
= 2.0mA 


Bit Transfer 
Characteristics 


(Note 10) 


" 
E 
I 
0.25 
... 
:'ia:a: 
::>u•..~ 
•.. 
::>o 


0.10 
V,.--15V 
,\Y~'~'2V 
0.05 
\ 
1•• 1 


Reference 
Amplifier 
Input Frequency 
Response 


IIII 
IIIII 
IIIII 


Reference 
Amplifier 


Input Common-Mode 
Range 


(Note 9) 


!1l 
I 
-2 


~.. 
4 
SMALL SIGNAL 


I- 
- 
lOOmV 
PEAK 


~ 
-6 'mnDIIIII'TI!L 


~ 
~8 
IIII I II 
lllL 


~ 
- 
0 
LARGE SIGNAL/' 
cr 
-12 
(SLEW RATE LIMITED) 
5V PEAK 
-14 
l(~~ 
MODULA;II~tJ)1 
-16 


100 
lk 
10k 
lOOk 


Power Supply Currents 
Versus Temperature 


2.0 


1.0 
ALL ~ITS "HIGH" 
OR "LOW" 
V+ = +15V, V- 
= -15V 


"E 
2.4 


I 


ffi 
2.0 


a:a: 
::>u...~ 
•.. 
::>o 


Logic Input Current 
Versus Input Voltage 
and Logic Input Range 
(Note 11) 


'REF 
= a.SmA 
v- = -15V 
20 
VLC=QV 


IREF 
- O.25mA, 
- 
or 
I 
I 


I 
I 


0.8 
I 


0.4 


Output 
Current 
Versus 


Output 
Voltage 


(Output 
Voltage Compliance) 


I 
I 
II 
I 
'REF 
1.0mA 
II 
I 
I 
I 
I 
I 


TA=TMINtoTMAX 
I 
I 
I 


V-=-15V 
I 
I 
I 


'REF 
- a.SmA 


I 
I 
I 
I 
I 


IREF 
- O.25mA 


4.0 


« 
3.6 
E 
I... 
:'ia:a: 
::>u...~ 
•.. 
::>o 


3.2 


2.8 


2.4 


2.0 


1.6 


1.2 


0.8 


0.4 


o 
-14 
~10 


I 
I 
I 
I 
I 
? 


-6 
-2 
2 


Output 
Full Scale Current 


Versus Reference 
Input Current 


5.0 


" 
./ 


/ 
/ 
/ 
/ 


1.0 
// 
0/ 
o 


.-: 
4.0 
:'ia:a: 
::>u 
w~ 
"~~~ 
ir•..~ 
•.. 
::>o 


Notes: 
6. THO is nearly independent 
of the logic input code. 
7. Similar 
results 
are obtained 
for a high input 
impedance 
connection 
using VR(-) 
as an input. 
8. Increased 
distortion 
above 50kHz is due to a slew rate limiting 
effect which 
determines 
the large signal 
bandwidth. 
For an input of ±2.5V peak (25., 
modulation). 
the bandwidth 
is 100kHz. 


S. Posftfve common 
mode 
range is always 
(V+) 
-1.5V. 
10. All bits are fUlly switched 
with 
less than a half step error at switching 
points which 
are guaranteed 
to lie between 
0.8V and 2.0V over the operating 


temperature 
range. 
1'. The logic input voltage 
range is independent 
of the positive 
power 
supply 
and logic inputs 
may swing 
above the supply. 


APPLICATIONS 
The companding 
D/A converter is particularly suited for ap- 


plications requiring a wide dynamic range. 


Systems requiring fine control resulting in a constant rate of 
change or set point controls 
are economically 
achieved 


using these devices. 


Instrumentation, 
Control and wProcessor 
based applica- 


tions include: 
Digital data recording 
PCM telemetry systems 
Servo systems 
Function generation 
Data acquisition systems 


Telecommunications 
applications include: 


PCM Codec telephone systems 
Intercom systems 
Military voice communication 
systems 


Radar systems 
Voice Encryption 


Audio Applications: 
Recording 
Multiplexing 
of analog signals 
Voice synthesis 


SERIAL DATA TRANSCEIVING 
CONVERTER 


(1/2 
OF SYSTEM 
SHOWN) 


SEND/RECEIVE 


COMMAND 


'HIGH 
-SEND 
lOW" 
RECEive 


r--- 
~ 
~~ 
GROUND 
FOR 


NON·DIFFERENTlAl 


INPUTS 


TIME 
SHARED 
BI-Dl RECTtONAl 
SERIAL 
DATA 


8US 


Am2502 


(SAR) 


SUCCESSIVE 
CC 
APPROXIMATION 
REGISTER 


DIFFERENTIAL 


ANALOG 
CURRENT 


OUTPUT 


RECEIVE 
OUTPUT 


Notes: 
1. Complementary 
send/receive commands 
are required for the 


two ends. 


2. START must be held low for one clock cycle to begin a send 
or receive cycle. 


3. The SAR is used as a serial-in/parallel 
out register in the re- 
ceive mode. 


4. CLOCK and START may be connected in parallel at both ends. 
5. Conversion is completed in 9 clock cycles. 
6. Receive output is available for one full clock cycle. 


eio 
'8 
V. 


17 
100H 
,. 


'001+) 


15 
IOEH 
,. 
10El+1 


Am6071 
Companding D-to-A Converter for Control Systems 


Distinctive 
Characteristics 


• Tested to A-law tracking 
specification 


• Absolute accuracy specified - includes all errors over 


temperature range 


• Settling time 300ns typical 
• Ideal for multiplexed PCM,audio, and 8-bit wP 


systems 


• 
Output dynamic 
range of 62 dB 


• Microprocessor controlled operations 
• Multiplying operation 
• Negligible output noise 
• Monotonicity guaranteed over entire dynamic range 
• Wide output voltage compliance 
• Low power consumption 


The Am6071 is a monolithic a-bit, companding digital-to- 
analog (DIAl converter with true current outputs and large 
output voltage compliance for fast driving a variety of loads. 
The transfer function of the Am6071 consists of 13 linear 
segments or chords. A particular chord is identified with the 
sign bit input, (S8) and three chord select input bits. Each 
chord contains 16 uniformly spaced linear steps which are 
determined by four step select input bits. The resulting 
dynamic range achieved with this format is 62 d8. Accuracy 


I 


I 


I 


I 


I 
I 


Part Number 
Temperature 
Accuracy 


Am6071ADM, 
-55°C to +125°C 
±1/2 step 


Am6071DM 
- 55°Cto + 125°C 
±1 step 


Am6071ADC 
O°Cto +70°C 
±1/2 
step 


Am6071DC 
O°Cto +70°C 
±1 step 


and monotonicity are assured by the internal circuit design 
and are guaranteed over the full temperature range. The 
Am6071 istested to the A-law tracking specification. Applica- 
tions for the Am6071 include digital audio recording, servo 
motor 
controls, 
electro-mechanical 
positioning, 
voice 
synthesis, secure communications, 
microprocessor 
con- 


trolled sound and voice systems, log sweep generators, and 
various data acquisition systems. 


CONNECTION DIAGRAM 


Am60n 


18 
POSITIVE 
POWER 
SUPPLY 


t7 
CECODER OUT: eio 58·00 
,. CECOCER OUT: E/D S8. 
01 


" 
ENCODER OUT: Eli> 58 -10 


" 
ENCODER OUT: ero S8 -11 


13 
NEGATIVE 
POWER 
SUPPLY 


12 
NEGATIVE 
REFERENCe 
INPUT 


Top View 


Pin 1 is marked 
for orientation. 


Encoder 


Characteristic 


V+ Supply 
to V- 
Supply 
36V 
Operating 
Temperature 


VLC Swing 
V- 
plus 8V to V+ 
MIL 
Grade 
_55°C 
to +125°C 


Output 
Voltage 
Swing 
V- 
plus 8V to V- 
plus 36V 
COM'L 
Grade 
O°C to +70°C 


Reference 
Inputs 
V- 
to V+ 
Storage Temperature 
_65°C 
to +150°C 


Reference 
Input 
Differential 
Voltage 
±18V 
Power Dissipation 
TA";;; 100° C 
500mW 


Reference 
Input 
Current 
1.25mA 
For TA > 100°C derate at 
10mWfC 


Logic Inputs 
V- 
plus 8V to V- 
plus 36V 
Lead Soldering 
Temperature 
300°C 
(60 see) 


Resolution 
.128 Steps 


Monotonicity 
For both 
groups of 128 
steps and over full 
operating 
temperature 
range 


Dynamic 
Range 
62dB, (20 log (17, 15/10, 
1)) 


ELECTRICAL CHARACTERISTICS 


These specifications 
apply for V+ = +15V, V- 
= -15V, 
IREF= 512/LA,0°C 
"" TA 
"" 
+70°C, for the commercial 
grade, 
-55°C"" 
TA 
"" 


+125C, 
for the 
military 
grade, 
and for 
all 4 outputs 
unless 
otherwise 
specified. 
Am6071ADM 
Am6071DM 
Am6071ADC 
Am6071DC 


Parameter 
Description 
Test Conditions 
Min. 
Typ. Max. Min. 
Typ. Max. 
Units 


To within 
±112 step at TA 
- 
25°C 


ts 
Settling 
Time 
output 
switched 
from 
300 
500 
300 
500 
ns 


Izs to IFS 


Chord Endpoint Accuracy 
±1/2 
±1 
Step 
Step Nonlinearity 
Guaranteed by output 
±1/2 
±1 
Step 


'FS(O) 
Full Scale Current Deviation 
current error specified 
±1/2 
±1 
below. 
IFS(E) 
From Ideal 
±112 
±1 


VREF = 10.000V 
RREF+ = 19.53k 


dlo 
Output Current Error 
RREF- = 20kO 
±1/2 
±1 
Step 
-5.0V 
'" VOUT '" +18V 
Error referred to nominal values 
in Table 1. 
VREF - 
10.000V 
RREF- = 19.53k 
RREF = 20kO 
1/40 
118 
1120 
1/4 
Step 
10(+)-10(-) 
Full Scale Symmetry Error 


-5.0V 
'" VOUT '" +18V 
1/40 
118 
1120 
1/4 
Step 


Error referred to nominal values 
in Table 1 


IEN 
Encode Current 
Additional 
output 
318 
1/2 
518 
1/4 
1/2 
3/4 
Step 
Encode/Decode = 1 


Izs 
Zero Scale Current 
Measured at selected output 
1140 
1/4 
1120 
1/2 
Step 
with 000 0000 input 


dlFS 
Full Scale Drift 
Operating temperature 
range 
±1/20 
±114 
±1/10 
±112 
Step 


VOC 
Output Voltage Compliance 
Full scale current change 
-5.0 
+18 
-5.0 
+18 
Volts 
"'1/2 step 


IDiS 
Disable Current 
Output leakage 
5.0 
50 
5.0 
50 
nA 
Output disabled by E/D and SB 


'FSR 
Output Current Range 
0 
2.0 
4.2 
0 
2.0 
4.2 
mA 


VIL 
I Logic "0" 
0.8 
0.8 
VIH 
Logic Input Levels I Logic "1" 
VLC = OV 
2.0 
Volts 
2.0 


'IN 
Logic Input Current 
VIN = -5.0V to +18V 
40 
40 
IJ.A 


VIS 
Logic Input Swing 
V- 
- 
-15V 
-5.0 
+18 
-5.0 
+18 
Volts 


IB REF- 
Reference Bias Current 
-1.0 
-4.0 
-1.0 
-4.0 
IJ.A 


di/dt 
Reference Input Slew Rate 
0.12 
0.25 
0.12 
0.25 
mAlIJ.$ 


PSSIFS+ 
Power Supply Sensitivity 
V+ = 4.5 to 18V, V- 
= -15V 
±1I20 
±1/2 
±1/20 
±1/2 
Step 
Over Supply Range (Refer 
PSSIFS- 
to Characteristic Curves) 
V- 
= -10.8 
to -18V, 
V+ = 15V 
±1I10 
±1/2 
±1/10 
±1/2 
Step 


1+ 
V+ - 
+5.0 to +15V, V 
- 
-15V 
2.7 
4.0 
2.7 
4.0 
Power Supply Current 
mA 
1- 
IFS = 2.0mA 
-6.7 
-8.8 
-6.7 
-8.8 


Po 
Power Dissipation 
V- - -15V, VOUT-O 
I V+ - 
5.0V 
114 
152 
114 
152 


IFS = 2.0mA 
I V+ = +15V 
mW 
141 
192 
141 
192 


TABLE I 
NOMINAL DECODER OUTPUT CURRENT LEVELS IN ,.,.A 


CHORD 
STEP 


0 
1 
2 
3 
4 
5 
6 
7 


0 
.500 
16.500 
33.000 
66.000 
132.00 
264.00 
528.00 
1056.00 


1 
1.500 
17.500 
35.000 
70.000 
140.00 
280.00 
560.00 
1120.00 


2 
2.500 
18.500 
37.000 
74.000 
148.00 
296.00 
592.00 
1184.00 


3 
3.500 
19.500 
39.000 
78.000 
156.00 
312.00 
624.00 
1248.00 


4 
4.500 
20.500 
41.000 
82.000 
164.00 
328.00 
656.00 
1312.00 


5 
5.500 
21.500 
43.000 
86.000 
172.00 
344.00 
688.00 
1376.00 


6 
6.500 
22.500 
45.000 
90.000 
180.00 
360.00 
720.00 
1440.00 


7 
7.500 
23.500 
47.000 
94.000 
188.00 
376.00 
752.00 
1504.00 


8 
8.500 
24.500 
49.000 
98.000 
196.00 
392.00 
784.00 
1568.00 


9 
9.500 
25.500 
51.000 
102.000 
204.00 
408.00 
816.00 
1632.00 


10 
10.500 
26.500 
53.000 
106.000 
212.00 
424.00 
848.00 
1696.00 


11 
11.500 
27.500 
55.000 
110.000 
220.00 
440.00 
880.00 
1760.00 


12 
12.500 
28.500 
57.000 
114.000 
228.00 
456.00 
912.00 
1824.00 


13 
13.500 
29.500 
59.000 
118.000 
236.00 
472.00 
944.00 
1888.00 


14 
14.500 
30.500 
61.000 
122.000 
244.00 
488.00 
976.00 
1952.00 


15 
15.500 
31.500 
63.000 
126.000 
252.00 
504.00 
1008.00 
2016.00 


STEP 
1 
1 
2 
4 
8 
16 
32 
64 
SIZE 


TABLE 2 
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+ 3dBmol 


STEP 
CHORD 


0 
1 
2 
3 
4 
5 
6 
7 


0 
72.11 
41.74 
35.72 
29.70 
23.68 
17.66 
11.64 
5.62 


1 
62.57 
41.23 
35.21 
29.19 
23.17 
17.15 
11.13 
5.11 
2 
58.13 
40.75 
34.73 
28.71 
22.68 
16.66 
10.64 
4.62 


3 
55.21 
40.29 
34.27 
28.25 
22.23 
16.21 
10.19 
4.17 


4 
53.03 
39.85 
33.83 
27.81 
21.79 
15.77 
9.75 
3.73 


5 
51.28 
39.44 
33.42 
27.40 
21.38 
15.36 
9.34 
3.32 


6 
49.83 
39.05 
33.03 
27.00 
20.98 
14.96 
8.94 
2.92 
7 
48.59 
38.67 
32.65 
26.63 
20.61 
14.59 
8.57 
2.54 


8 
47.50 
38.31 
32.29 
26.27 
20.24 
14.22 
8.20 
2.18 


9 
46.54 
37.96 
31.94 
25.92 
19.90 
13.88 
7.86 
1.84 


10 
45.67 
37.62 
31.60 
25.58 
19.56 
13.54 
7.52 
1.50 


11 
44.88 
37.30 
31.28 
25.26 
19.24 
13.22 
7.20 
1.18 
12 
44.15 
36.99 
30.97 
24.95 
18.93 
12.91 
6.89 
0.87 


13 
43.48 
36.69 
30.67 
24.65 
18.63 
12.61 
6.59 
0.57 


14 
42.86 
36.40 
30.38 
24.38 
18.34 
12.32 
6.30 
0.28 


15 
42.28 
36.12 
30.10 
24.08 
18.06 
12.04 
6.02 
0.00 


Functional Description 


The Am6071 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, IFS' 
is specified by the input binary code 111 1111,and is a linear 
function ofthe reference current, IREF. There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/D),input signal. A logic 1 applied to the 
E/Dinput places the Am6073 in the encode mode and current 
will flow into the 10E(+) or 10E(_) output, depending on the 
state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places the Am6073 in the decode mode. 


The transfer characteristic is a piece-wise linear approxima- 
tion to the CCITTA-87.6 logarithmic law which can bewritten 
as follows: 


Y = 0.18 (1 + In (A IXI)) sgn (X), 
1/A '" Ixi '" 1 
Y = 0.18 (A IXI) sgn (X), 
0", Ixi '" 1/A 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 
Y = digital signal level normalized to unity 
(encoder output or decoder input) 
A = 87.6 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and E/D in- 
puts. The outputcurrenttransferfunction 
can be represented 


by a total of 16segments or chords addressable through the 
SB input and three chord select bits. The two chords closest 
to the origin ofthe transfer function, chord 0 and chord 1,are 
made colinear and contiguous. The beginning of chord 0, 
specified by the input binary code 000 0000, is offset by 
+0.51LA.Each chord can be further divided into 16 steps, all 
of the same size. The step size changes from one chord to 
another, with the smallest step of 1.01LAfound in the firsttwo 
chords near zero output current, and the largest step of 64JLA 
found in the last chord near full scale output current. This 
nonlinear feature provides exceptional accuracy for small 
signal levels. The accuracy for signal amplitudes corres- 


IREF = VREF/RREF 


IDEAL 
VALUES: 
IREF 
= 512"A. 
'FS = 201S"A 


E/D 
SB 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
EO 


POSITIVE 
FULL 
SCALE 
0 
1 
1 
1 
1 
1 
1 
1 
1 
5.040\1 


1+)ZERO SCALE.' 
STEP 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0.004\1 


1+1ZERO SCALE 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0.0012\1 


( 
) ZERO 
SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
O.OO1:2V 
~I ZERO SCALE +1 STEP 
0 
0 
0 
0 
0 
0 
0 
0 
1 
-0.004\1 


NEGATIVE 
FULL 
SCALE 
0 
0 
1 
1 
1 
1 
1 
1 
1 
-5.040\1 


ponding to chords 0 and 1 is very close to that of an 11-bit 
linear, binary D/A converter. The ratio (in dB) between the 
chord endpoint current, (Step 15), and the current which 
corresponds to the preceding step, (Step 14), is maintained 
at aboutO.3dB overthe entire dynamic range, with the excep- 
tion of chord O.The difference between the ratios of full scale 
current to chord endpoint currents of adjacent chords is 
similarly maintained at 6dB over the entire dynamic range. 
Resulting 
signal-to-quantizing 
distortions 
due to non- 


uniform quantizing levels maintain an acceptably low value 
over a40dB range of input speech signals. Note thatthe 62dB 
output dynamic range for the Am6071 is very close to the 
dynamic range of a sign plus 11-bit linear, binary D/Aconver- 
ter. 


In order to achieve a smoother transition between adjacent 
chords, the step sizebetween these chord end points is equal 
to 1.5 times the step size of the lower chord. Note that this 
does not apply to chord 0 and chord 1 where adjacent end 
points differ by only one step, because these two chords are 
colinear and have the same step sizes. Monotonic operation 
is guaranteed by the internal device design over the entire 
output dynamic range by specifying and maintaining 
the 


chord end points and step size deviations within the allow- 
able limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding 
analog current signal, i.e., the 


basic function is digital-to-analog 
decoding. The basic de- 


coder connection for a sign plus 7-bit input configuration 
is 


shown in Figure 1. The corresponding 
dynamic range is 


62dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching 
be- 


tween the encode, 10E(+l or 10E(-), and the decode, 100(+) or 
100(-),outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the E/Dinput is high, (a logic 1),the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the 10E outputs (as determined by 
the SB input). When operating in the encode mode as shown 


R1=R2=R3=R4=2~knw.1% 


LINE 
SELECTION 
TABLE 


TEST 
OUTPUT 


GROUP 
Eli) 
SB 
MEASUREMENT 


1 
1 
1 
'OE 1" 
IIE011Rli 


2 
1 
0 
fOEI-I 
(E01/Rll 


3 
0 
1 
1001+1 
lE02/R3' 


4 
0 
0 
100 I-I 
(E02/R4' 


in Figure 3, an offset current equal to ahalf step in each cho.rd 
is required to obtain the correct encoder transfer characterIs- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 


lEN, is automatically 
added to the 10E output through the 


internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 32p.,A. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.5p.,A,which will bring the ideal encode 
current value for step 0 on chord 0 to 1.0p.,Awith respect to 
the corresponding decode current value of 0.5p.,A.This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 62dB to 66dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the Ei5 input as a 
ninth digital input and has the outputs 100(+) and 10E(+1 and 
the outputs 
100(-) 
and 10E(-1 tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6071 can be used togethE;-with a Successive 
Approximation 
Register (SARl, comparator, and additional 


SSI logic elements to perform the AID data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1,characterizes this AIDconverter system. The firsttask 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding 
SB input 


value. When the proper START,(S), and CONVERSIONCOM- 
PLETE,(CC),signal levels are set, the first clock pulse sets 
the MSB output of the SAR,Am2502, to a logic 0 and sets all 
other parallel digital outputs to logic 1 levels. At the same 
time, the flip-flop istriggered, and its output provides the Ei5 
input with a logic 0 level. No current flows into the 10E out- 
puts. This disconnects the converter from the comparator 
inputs, and the incoming analog signal can be compared 
with the ground applied to the opposite comparator input. 
The resulting comparator output is fed to the Am2502 serial 
data input, D,through an exclusive-or gate. Atthe same time, 
the second input to the same exclusive-or gate is held at a 
logic 0 level by the additional successive approximation 
logic shown in Figure 3. This exclusive-or gate inverts the 
comparator's outputs whenever a negative signal polarity is 
detected. This maintains the proper output current coding, 
i.e., all ones for full scale and all zeros for zero scale. 


(GROUNDED 
FOR 
SINGlE·ENDED 
r-- 


INPUTSIJ... 


-=- 
2.5kO 


The second clock pulse changes the Ei5 input back to a logic 
1 level because the CCsignal changed. It also clocks the D 
input signal of the Am2502 to its M5B output, and transfers it 
to the SB input of the Am6071. Depending upon the 5B input 
level. current will flow into the 10E(+) or 10E(-1 output of the 
Am6071. 


Nine clock pulses are required to obtain a digital 
binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6071 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the AID system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6071 output currentto a bipola rvoltage output. When the 
5B input is a logic 1, sink current appears at the amplifier's 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0, sink current appears at the amplifier's 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The 5B input steers 
current into the appropriate (+) or (-) output of the Am6071. 
The resulting 
operational 
amplifier's 
output 
in Figure 1 


should ideally be symmetrical 
with 
resistors R1 and R2 


matched. 


In Figure 2, two operational amplifiers measure the currents 
of each of the four Am6071 analog outputs. Resistor toler- 
ances of 0.1% give 0.1% output measurement error (approx- 
imately 2p.,Aat full scale). The input offset currents ofthe A1 
and A2 devices also increase output measurement error and 
this error is most significant near zero scale. The Am101A 
and 308 devices, for example, may be used for A1 and A2 
since their maximum offset currents, which would add di- 
rectly to the measurement error, are only 10nA and 1nA 
respectively. The input offset voltages of the A1 and A2 
devices, with output resistor values of 2.5kfi, also contribute 
to the output measurement error by a factor of 400nA for 
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every mV of offset. Therefore, to minimize error, the offset 
voltages of Al and A2 should be nulled. 


The recommended operating range forthe reference current 
IREFis from 0.1mA to 1.0mA. The full scale output current, 
IFs, is a linear function of the reference current, and may be 
calculated from the equation IFS= 3.94 IREF.This tight re- 
lationship between IREFand IFSalleviates the requirement 
for trimming 
the IREFcurrent if the RREFresistor values 


are within 
±1% of the calculated value. Lower values of 


IREFwill reduce the negative power supply current, (1- I, 
and will 
increase the reference amplifier 
negative com- 


mon mode input voltage range. 


The ideal value for the reference current IREF= VREF'RREFis 
512/LA. The corresponding 
ideal full scale decode and en- 


code current values are 2016/LAand 2048/LA,respectively. A 
percentage change from the ideal IREFvalue produced by 
changes in VREFor RREFvalues produces the same percen- 
tage change in decode and encode output current values. 
The positive voltage supply, V+, may be used, with certain 
precautions, for the positive reference voltage VREF'In this 
case, the reference resistor RREF(+lshould be split into two 
resistors 
and their junction 
bypassed to ground 
with 
a 


capacitor of O.Ol/LF.The total resistor value should provide 
the reference current IREF= 512/LA. The resistor RREFI-) 
value should be approximately equal to the RREFI+lvalue in 
order to compensate for the errors caused by the reference 
amplifier's 
input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1, 2 and 3 is the application of a negative 
voltage to the VR1-) terminal through the resistor RREF(-) 
with the RREF(+)resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the VR(-) terminal while the reference current flows from 
ground through RREF(+)into the VR1+lterminal. 


The Am6071 has a wide output voltage compliance suitable 
for driving a variety of loads. With IREF= 512/LAand V- 
= 


-15V, 
positive voltage compliance is +18V and negative 


Figure 4. Interfacing Circuits for ECL, CMOS,HTL, 
and NMOS Logic Inputs. 


voltage compliance is -5.0V. For other values of IREFand 
V-, the negative voltage compliance, VOC1-),may be calcu- 
lated as follows: 


Voc(-) = (V-) 
+ 2(1REF·l.55k!1)+ 8.4V, 


where 1.55k!1and 8.4V are equivalent worst case values for 
the Am6071. 


The following table contains VOC(-)values for some specific 
V-, 
IREF,and IFs values. 


Negative Output Voltage Compliance VOel _) 


IREF(IFS) 


V- 
256/LA 
512/LA 
1024/LA 


(1mA) 
12mA) 
14mA) 


-12V 
-2.8V 
-2.0V 
-0.4V 


-15V 
-5.8V 
-5.0V 
-3.4V 


-18V 
-8.8V 
-8.0V 
-6.4V 


The VLCinput can accommodate various logic input switch- 
ing threshold voltages allowing the Am6071 to interface with 
various logic families. This input should be placed at a poten- 
tial which is 1.4V below the desired logic input switching 
threshold. Two external discrete circuits which provide this 
function for non-TTL driven inputs are shown in Figure 4. For 
TTL-driven logic inputs, the VLCinput should be grounded. If 
negative voltages are applied at the digital logic inputs, they 
must have avalue which is more positive than the sum ofthe 
chosen V- 
value and +10V. 


With a V- 
value chosen between -15V 
and -llV, 
the 


VOC(-), 
the input reference common mode voltage range, 


and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between -15V and the 
V- 
value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
ence amplifier common mode positive voltage range and the 
VLCinput values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. 


OUTPUT 
VOLTAGE 
(VI 


INPUT 
CODE 


(EtC. SB, B" .. '. B71 
"A" 
"B" 
"C" 
OIFF 


10 
111 
1111 
0 


101101111 
+5.00 
N/A 
N/A 
N'A 


10000סס OO 
+10.00 


01 
111 
1111 
-5.00 
+5.00 
-10.00 


011101111 
+0.00 
+5.00 
-5.00 
01000 
0000 


N/A 
+5.00 
+5.00 
0 
00 000סס oo 
+5.00 
+5.00 
0 


00 
110 
1111 
+5.00 
+0.00 
+5.00 
00 111 1111 
+5.00 
-5.00 
+10.00 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


CHORD IC) 


0 
1 
2 
3 
4 
5 
6 
7 


STEP (S) 
000 
001 
010 
011 
100 
101 
110 
111 


0 
0000 
1 
33 
66 
132 
264 
528 
1056 
2112 


1 
0001 
3 
35 
70 
140 
280 
560 
1120 
2240 
2 
0010 
5 
37 
74 
148 
296 
592 
1184 
2368 
3 
0011 
7 
39 
78 
156 
312 
624 
1248 
2496 
4 
0100 
9 
41 
82 
164 
328 
656 
1312 
2624 
5 
0101 
11 
43 
86 
172 
344 
688 
1376 
2752 
6 
0110 
13 
45 
90 
180 
360 
720 
1440 
2880 
7 
0111 
15 
47 
94 
188 
376 
752 
1504 
3008 
8 
1000 
17 
49 
98 
196 
392 
784 
1568 
3136 
9 
1001 
19 
51 
102 
204 
408 
816 
1632 
3264 
10 
1010 
21 
53 
106 
212 
424 
848 
1696 
3392 
11 
1011 
23 
55 
110 
220 
440 
880 
1760 
3520 
12 
1100 
25 
57 
114 
228 
456 
912 
1824 
3648 
13 
1101 
27 
59 
118 
236 
462 
944 
1888 
3776 
14 
1110 
29 
61 
122 
244 
488 
976 
1952 
3904 


15 
1111 
31 
63 
126 
252 
504 
1008 
2016 
4032 


STEP SIZE 
2 
2 
4 
8 
16 
32 
64 
128 


The normalized decode current, (Ic•s), where C is chord number and 5 is step number, is calculated 
using: Ics = 2c(5 + 16.5) for C;;' 1, and Ic•s = 25 + 1 for C = O. The ideal decode current, (100), in /-LA is 
calculated using: 
100 = (lc,SIl7.15(nOrm.))·IFs(/-LA), 
where Ic•s is the corresponding normalized current. 


Table 4 
Normalized Encoder Output (Sign Bit Excluded) 


CHORD IC) 
0 
1 
2 
3 
4 
5 
6 
7 


STEP(SI 
000 
001 
010 
011 
100 
101 
110 
111 


0 
0000 
2 
34 
68 
136 
272 
544 
1088 
2176 


1 
00.01 
4 
36 
72 
144 
288 
576 
1152 
2304 
2 
0010 
6 
38 
76 
152 
304 
608 
1216 
2432 


3 
0011 
8 
40 
80 
160 
320 
640 
1280 
2560 


4 
0100 
10 
42 
84 
168 
336 
672 
1344 
2688 
5 
0101 
12 
44 
88 
176 
352 
704 
1408 
2816 
6 
0110 
14 
46 
92 
184 
368 
736 
1472 
2944 
7 
0111 
16 
48 
96 
192 
384 
768 
1536 
3072 
8 
1000 
18 
50 
100 
200 
400 
800 
1600 
3200 
9 
1001 
20 
52 
104 
208 
416 
832 
1664 
3328 
10 
1010 
22 
54 
108 
216 
432 
864 
1728 
3456 
11 
1011 
24 
56 
112 
224 
448 
896 
1792 
3584 
12 
1100 
26 
68 
116 
232 
464 
928 
1856 
3712 
13 
1101 
28 
60 
120 
240 
480 
960 
1920 
3840 
14 
1110 
30 
62 
124 
248 
496 
992 
1984 
3968 
15 
1111 
32 
64 
128 
256 
512 
1024 
2048 
4096 


STEP SIZE 
2 
2 
4 
8 
16 
32 
64 
128 


Table 5 
Decoder Step Size Summary 


Step Size 
Step Size as 
Resolution 
Step Size 
Step Size 
Step Size 
in dB at 
a % of Reading 
& Accuracy 
Normalized 
in /LAwith 
as a % of 
Chord 
at Chord 
of Equivalent 
Chord 
to Full Scale 2016/LA F. S. 
Full Scale 
Endpoints 
Endpoints 
Binary DAC 


0 
2 
1.0 
0.05% 
0.58 
6.45% 
Sign + 11 Bits 
1 
2 
1.0 
0.05% 
0.28 
3.17% 
Sign + 11 Bits 


2 
4 
2.0 
0.1% 
0.28 
3.17% 
Sign + 10 Bits 
3 
8 
4.0 
0.2% 
0.28 
3.17% 
Sign + 
9 Bits 
4 
16 
8.0 
0.4% 
0.28 
3.17% 
Sign + 
8 Bits 
5 
32 
16.0 
0.8% 
0.28 
3.17% 
Sign + 
7 Bits 
6 
64 
32.0 
1.6% 
0.28 
3.17% 
Sign + 
6 Bits 
7 
128 
64.0 
3.2% 
0.28 
3.17% 
Sign + 
5 Bits 


Table 6 
Decoder Chord Size Summary 


Chord Endpoints 
Chord Endpoints 
Chord Endpoints 
Chord Endpoints 


Normalized 
in /LA with 
as a % 
in dB Down 
Chord 
to Full Scale 
2016/LA F. S. 
of Full Scale 
from Full Scale 


0 
31 
15.5 
0.77% 
-42.28 


1 
63 
31.5 
1.56% 
-36.12 


2 
126 
63.0 
3.13% 
-30.10 


3 
252 
126.0 
6.25% 
-24.08 


4 
504 
252.0 
12.5% 
-18.06 


5 
1008 
504.0 
25.0% 
-12.04 


6 
2016 
1008.0 
50.0% 
-6.02 


7 
4032 
2016.0 
100% 
0 


±10V RANGE ENCODER/DECODER 
CONNECTIONS 
COMPLIANCE EXTENSION 


USING AC COUPLED OUTPUT 
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VALUES: 


IREF= 
512pA 


IFS = 2016pA 
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IREF = VIN/RIN 
+ VREF/RREF 


I FS '" 4 • IREF 
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= (VREF 
- 
VIN)/RREF 


IFS"'4.IREF 


LOGARITHMIC 
DIGITAL 
GAIN CONTROL 
(Notes 
4 & 5) 


v,. -'=\:r<>---i 


·S.OV 
INPUT 


Notes: 
4. 
Low distortion 
outputs 
are provided 
over a 72dB range. 


5. Up to 4 channels of output 
may be selected by E/D and S8 logic inputs. 


Reference 
Amplifier 


Total Harmonic 
Distortion 


Versus Frequency 
(80kHz 
Filter) 


(Notes 6. 7. 8) 
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Notes: 
6. THO is nearly independent 
of the logic input code. 


7. Similar 
results are obtained 
for a high input impedance 
connection 
using VR(-) 
as an input. 
8. Increased distortion 
above 50kHz is due to a slew rate limiting 
effect which determines 
the large signal bandwidth. 
For an input of :!:2.5V peak (25<llt 
modulation), 
the bandwidth 
is 100kHz. 


9. Po:sitive common 
mode range Is always (V+) -1.5V. 


10. All bits are fully switched 
with 
less than a half step error at switching 
points which are guaranteed 
to lie between 
O.SVand 2.0V over the operating 


temperature 
range. 
11. The logic input voltage 
range is independent 
of the positive 
power supply and logic inputs 
may swing above the supply. 
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plications requiring a wide dynamic range. 


Systems requiring fine control resulting in a constant rate of 
change or set point controls are economically achieved 
using these devices. 


Instrumentation, Control and wProcessor based applica- 
tions include: 


Digital data recording 
PCMtelemetry systems 
Servo systems 
Function generation 
Data acquisition systems 


Ielecommunications applications include: 


PCM Codectelephone systems 
Intercom systems 
Military voice communication systems 
Radar systems 
Voice Encryption 


Audio Applications: 


Recording 
Multiplexing of analog signals 
Voice synthesis 


If particular interest lies in a companding D/A converter 
operating to the 03 compandor tracking specification and 
meeting the Bel.1System w255 companding law, see the 
Am60n 
data.sheet. 


For a CCITT unit having an A-law characteristic see the 
Am6073 data sheet. 


/L-Iawapplications other than telecommunications systems 
are described in the Am6070 data sheet. 
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two ends. 
2. START must be held low for one clock cycle to begin a send 


or receive cycle. 


3. The SAR is used as a serial-in/parallel 
out register in the re- 


ceive mode. 
4. CLOCK and START may be connected in parallel at both ends. 
5. Conversion is completed in 9 clock cycles. 
6. Receive output is available for one full clock cycle. 
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Am 6072 


Companding 
D-to-A Converter for PCM Communication 
Systems 


Distinctive 
Characteristics 


• 
Tested to D3 compandor 
tracking 
specification 
• 
Absolute 
accuracy 
specified 
- 
includes all errors over 


temperature 
range 
• 
Settling 
time 300ns typical 
• 
Ideal for multiplexed 
PCM systems 
• 
Output 
dynamic 
range of 72 dB 


• 
Improved 
pin-for-pin 
replacement 
for DAC-86 


• 
Microprocessor 
controlled 
operations 


• 
Multiplying 
operation 
• 
Negligible 
output 
noise 


• 
Monotonicity 
guaranteed 
over entire 
dynamic 
range 


• 
Wide output 
voltage compliance 


• 
Low power consumption 
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BIT 
INPUT 
7 
12 
NEGATIVE 
REFERENce 
INPUT 


THIRD 
STEP 
BIT 
INPUT 
• 
11 
POSITIVE 
REFERENCE 
INPUT 


I 


LEAST 
SIGNIFICANT 
STEP 
BIT 
INPUT 
9 
,. 
THRESHOLD 
CONTROL 


The 
Am6072 
is a monolithic 
B-bit, companding 
digital-to- 
analog 
(D/A) 
data 
converter 
with 
true 
current 
outputs 
and 
large output 
voltage 
compliance 
for fast driving 
a variety 
of 


loads. The transfer 
function 
of the Am6072 
complies with the 
Bell System 1l-255 companding 
law,. Y; 
O.lBln 
(1 +Ilx), and 


consists 
of 15 linear segments 
or chords. 
A particular 
chord 
is 
identified 
with the sign bit input, 
(SB), and three chord select 


input 
bits. 
Each 
chord 
contains 
16 uniformly 
spaced 
linear 


steps which are determined 
by four step select input bits. The 


resulting 
dynamic 
range 
achieved 
with 
this 
B-bit format 
is 


72dB. 
Accuracy 
and 
monoticity 
are assured 
by the 
internal 


circuit 
design 
and 
are guaranteed 
over the full temperature 


Part Number 
Temperature 
Accuracy 


'116072DM 
_55°C 
to +125°C 
Conforms 
to D3 Spec. 


'i072DC 
O°C to +70°C 
Conforms 
to D3 Spec. 


range. The Am6072 
is tested to the Bell D3 channel 
bank com- 
pandor 
tracking 
specification 
for 
pulse 
code 
modulation 
(PCM) 
transmission 
systems. 
The application 
of the Am6072 


in communication 
systems 
provides 
an 
increased 
signal-to- 


noise 
ratio. 
reduces 
system 
signal distortion, 
and stimulates 


wider 
usage of computerized 
channel 
switching. 
Other appli- 
cation 
areas 
include 
digital 
audio 
recording, 
voice synthesis, 
and secure 
communications. 
When used in PCM communica- 
tion 
systems, 
the 
Am6072 
functions 
as a complete 
PCM de- 
coder with additional 
encoding 
capabilities 
which make it ideal 
for implementation 
in CODEC circuits. 


CONNECTION 
DIAGRAM 


Am6072 


Top View 


Pin 1 is marked 
for orientation. 


Decoder 
Characteristic 


Encoder 


Characteristic 


V+ Supply to V- 
Supply 
36V 
Operating 
Temperature 


VLC Swing 
V- 
plus 8V to V+ 
MIL Grade 
-55°C 
to +125°C 


Output 
Voltage Swing 
V- 
plus 8V to V- 
plus 36V 
COM'L Grade 
O°C to +70°C 


Reference 
Inputs 
V-toV+ 
Storage Temperature 
-65°C 
to +150°C 


Reference 
Input Differential 
Voltage 
±18V 
Power Dissipation 
TA';; 
100° C 
500mW 


Reference 
Input Current 
1.25mA 
For TA> 
100° C derate at 
10mWfC 


Logic Inputs 
V- 
plus 8V to V- 
plus 36V 
Lead Soldering 
Temperature 
300°C 
(60 see) 


Resol-utron 
±128 Steps 


Monotonicity 
For both 
groups of 128 
steps and over full 
operating 
temperature 
range 


Dynamic 
Range 
72 dB, 120 log 117,15/10,1)) 


ELECTRICAL 
CHARACTERISTICS 
(Note 1) 


These 
specifications 
apply 
for 
V+=+15V, 
V-=-15V, 
IREF=528IlA, 
O°C';;TA 
';;+70°C, 
forthe 
commercialgrade,-55°C';;TA 


.;; +125°C, 
for the military grade, and for all 4 outputs 
unless otherwise 
specified. 


ts 
Settling 
Time 
To within ±1/2 step at TA = 25°C, 
- 
300 
500 
ns 
Output 
switched from 
Izs to I FS 


Chord 
Endpoint 
Accuracy 


Step 
Nonlinearity 


IEN 
Encode 
Current 


IFSID) 


VREF = +1O,OOOV 


Full 
Scale Current 
Deviation 
from 
Ideal 
RREF+ = 18.94kil 
See Table 
1 for absolute 
accuracy 
IFSIE) 
limits 
which 
cover all errors 
related 
RREF- 
= 20kil 
to the transfer 
charac.teristic. 
'0(+)-10(-) 
Full 
Scale Current 
Symmetry 
Error 
-5V 
•• VOUT" 
+18V 


IZS 
Zero 
Scale Current 


lllFS 
Full Scale Current Drift 


VOC 
Output 
Voltage 
Compliance 
Output 
within 
limits 
specified 
by Table 
1 
-5 
- 
+18 
Volts 


IDIS 
Disable 
Current 
Leakage of output disabled by E/D 
or SB 
- 
5.0 
50 
nA 


IFSR 
Output 
Current 
Range 
0 
2.0 
4.2 
mA 


VIL 
Logic 
Input 
I 
Logic "0" 
- 
- 
0.8 
Volts 


VIH 
Levels 
I 
Logic "1" 
VLC = OV 


2.0 
- 
- 
Volts 


IIN 
Logic 
Input 
Current 
VIN = -5V 
to +18V 
- 
- 
40 
jlA 


VIS 
Logic 
Input 
Swing 
V- - -15V 
-5 
- 
+18 
Volts 


'BREF- 
Reference 
Bias Current 
- 
-1.0 
-4.0 
jlA 


dildt 
Reference 
Input 
Slew 
Rate 
0.12 
0.25 
- 
mA/jls 


PSSIFS+ 
Power Supply Sensitivity Over Supply Range 
V+ = +4.5 to +18V, V- = -15V 
- 
0.005 
0.1 


PSSIFS_ 
(Refer 
to Characteristic 
Curves) 
dB 
V- = -10.8V 
to -18V, 
V+ = +15V 
- 
0.01 
0.1 


1+ 
Power 
Supply 
Current 
V+ = +5V to +15V, V- = -15V, 
- 
2.7 
4.0 


1- 
IFS = 2.OmA 
mA 
- 
-6.7 
-8.8 


PD 
Power 
Dissipation 
v- = -15V, 
VOUT = OV I 
V+ = +5V 
- 
114 
152 


IFS = 2.OmA 
mW 
I V+ = +15V 
- 
141 
192 


Note 
1. 
In a companding 
DAC 
the term 
LSB is not used because the step size within 
each chord 
is different. 
For example, 
in the first chord 
around 
zero 
(CO) 
the step size is 0.5jlA, while in the last chord near full scale (C7) the step size is 64jlA. 


TABLE 1 


ABSOLUTE 
DECODER 
OUTPUT CURRENT 
LEVELS IN /lA 


STEP 
CHORD NO. 


NO. 
0 
1 
2 
3 
4 
5 
6 
7 


-.250 
7.789 
24.048 
56.112 
120.24 
248.49 
505.00 
1018.02 


0 
.000 
8.250 
24.750 
57.750 
123.75 
255.75 
519.75 
1047.75 
.250 
8.739 
25.473 
59.436 
127.36 
263.22 
534.93 
1078.34 


.250 
8.733 
25.991 
59.998 
128.01 
264.04 
536.10 
1080.21 
1 
.500 
9.250 
26.750 
61.750 
131.75 
271.75 
551.75 
1111.75 
.750 
9.798 
27.531 
63.553 
135.60 
279.69 
567.86 
1144.21 


.750 
9.677 
27.934 
63.885 
135.79 
279.59 
567.19 
"42.39 
2 
1.000 
10.250 
28.750 
65.750 
139.75 
287.75 
583.75 
1175.75 


1.250 
10.857 
29.590 
67.670 
143.83 
296.15 
600.80 
1210.08 


1.250 
10.621 
29.878 
67.771 
143.56 
295.13 
598.28 
1204.58 


3 
1.500 
11.250 
30.750 
69.750 
147.75 
303.75 
615.75 
1239.75 


1.750 
11.917 
31.648 
71.787 
152.06 
312.62 
633.73 
1275.95 


1.750 
11.565 
31.821 
71.658 
151.33 
310.68 
629.37 
1266.76 
4 
2.000 
12.250 
32.750 
73.750 
155.75 
319.75 
647.75 
1303.75 
2.250 
12.976 
33.706 
75.904 
160.30 
329.09 
666.66 
1341.82 


2.250 
12.509 
33.764 
75.544 
159.10 
326.22 
660.46 
1328.94 


5 
2.500 
13.250 
34.750 
77.750 
163.75 
335.75 
679.75 
1367.75 
2.750 
14.035 
35.765 
80.020 
168.53 
345.55 
699.60 
1407.69 


2.750 
13.453 
35.707 
79.431 
166.88 
341.77 
691.56 
1391.13 


6 
3.000 
14.250 
36.750 
81.750 
171.75 
351.75 
711.75 
1431.75 
3.250 
15.094 
37.823 
84.137 
176.77 
362.02 
732:53 
1473.56 


3.250 
14.397 
37.651 
83.317 
174.65 
357.32 
722.65 
1453.31 


7 
3.500 
15.250 
38.750 
85.750 
179.75 
367.75 
743.75 
1495.75 


3.750 
16.154 
39.882 
88.254 
185.00 
378.49 
765.47 
1539.43 


3.750 
15.341 
39.594 
87.204 
182.42 
372.86 
753.74 
1515.50 


8 
4.000 
16.250 
40.790 
89.750 
187.75 
383.75 
775.75 
1559.75 


4.250 
17.213 
41.940 
92.371 
193.23 
394.96 
798.40 
1605.30 


4.248 
16.285 
41.537 
91.090 
190.20 
388.41 
784.83 
1577.68 


9 
4.500 
17.250 
42.750 
93.750 
195.75 
399.75 
807.75 
1623.75 


4.767 
18272 
43.998 
96.488 
201.47 
411.42 
831.34 
1671.16 


4.720 
17.229 
43.480 
94.977 
197.97 
403.95 
815.92 
1639.87 


10 
5.000 
18.250 
44.750 
97.750 
203.75 
415.75 
839.75 
1687.75 


5.296 
19.331 
46.057 
100.604 
209.70 
427.89 
864.27 
1737.03 
5.192 
18.173 
45.424 
98.863 
205.74 
419.50 
847.02 
1702.05 


11 
5.500 
19.250 
46.750 
101.750 
211.75 
431.75 
871.75 
1751.75 


5.826 
19.812 
48.115 
104.721 
217.93 
444.36 
897.21 
1802.90 
5.664 
19.675 
47.367 
102.750 
213.52 
435.05 
878.11 
1764.23 


12 
6.000 
20.250 
48.750 
105.750 
219.75 
447.75 
903.75 
1815.75 
6.356 
20.841 
50.174 
108.838 
226.17 
460.82 
930.14 
1868.77 


6.136 
20.647 
49.310 
106.636 
221.29 
450.59 
909.20 
1826.42 


13 
6.500 
21.250 
50.750 
109.750 
227.75 
463.75 
935.75 
1879.75 
6.885 
21.871 
52.232 
112.955 
234.40 
477.29 
963.07 
1934.64 
6.608 
21.619 
51.253 
110.523 
229.06 
466.14 
940.29 
1888.60 


14 
7.000 
22.250 
52.750 
113.750 
235.75 
479.75 
967.75 
1943.75 
7.415 
22.900 
54.290 
117.072 
242.63 
493.76 
996.01 
2000.51 
7.080 
22.590 
53.197 
114.409 
236.83 
481.68 
971.39 
1950.79 


15 
7.500 
23.250 
54.750 
117.750 
243.75 
495.75 
999.75 
2007.75 
7.944 
23.929 
56.349 
121.188 
250.87 
510.23 
1028.94 
2066.38 


STEP 
.5 
1 
2 
4 
8 
16 
32 
64 
SIZE 


Minimum, 
ideal and maximum 
values are specified 
for each step. The minimum 
and maximum 
values are 
specified 
to comply 
with the Bell D3 compandor 
tracking 
requirements. 
All four outputs 
are guaranteed, 


the encode 
outputs 
being specified 
to limits a half step 
higher than those 
shown above. This takes 
into 
account 
the 
combined 
effects 
of chord 
endpoint 
accuracy, 
step nonlinearity, 
encode 
current 
error, 
full 
scale current 
deviation 
from ideal, full scale symmetry 
error, zero scale current, 
full scale drift, and output 


impedance 
over the specified 
output 
voltage 
compliance 
range. 
Note that 
the 
guaranteed 
monotonicity 
ensures that adjacent 
step current 
levels will not overlap as might otherwise 
be implied from the minimum 
and maximum 
values shown in the above table. 


TABLE 2 


IDEAL DECODER OUTPUT VALUES 
EXPRESSED 
IN dB DOWN FROM OVERLOAD 
LEVEL (+3dBmo) 


~ 


0 
1 
2 
3 
• 
5 
6 
7 


STEP 


0 
- 
-44.73 
-35.18 
-27.82 
-21.20 
-14.90 
-8.74 
-2.65 


I 
-69.07 
-43.73 
-34.51 
-27.24 
-20.66 
-14.37 
-8.22 
-2.13 
2 
-63.05 
-42.84 
-33.88 
-26.70 
-20.15 
-13.87 
-7.73 
-1.65 


3 
-59.53 
--42.03 
-33.30 
-26.18 
-19.66 
-13.40 
-7.27 
-1.19 
• 
-57.03 
--41.29 
-32.75 
-25.70 
-19.21 
-12.96 
-0.83 
--0.75 


5 
-55.10 
-40.61 
-32.24 
-25.24 
-18.77 
-12.53 
-0.41 
--0.33 


6 
-53.51 
-39.98 
-31.75 
-24.80 
-18.36 
-12.13 
-0.01 
+0.06 


7 
-52.17 
-39.39 
-31.29 
-24.39 
-17.96 
-11.74 
-5.63 
+0.44 


8 
-51.01 
-38.84 
-30.85 
-23.99 
-17.58 
-11.37 
-5.26 
+0.81 
9 
-49.99 
-38.32 
-30.44 
-23.61 
-17.22 
-11.02 
-4.91 
+1.16 


10 
-49.07 
-37.83 
-30.04 
-23.25 
-16.87 
-10.68 
-4.57 
+1.49 


" 


-48.25 
-37.37 
-29.66 
-22.90 
-16.54 
-10.35 
-4.25 
+1.82 


12 
-47.49 
-36.93 
-29.29 
-22.57 
-16.22 
-10.03 
-3.93 
+2.13 


13 
-46.80 
-36.51 
-28.95 
-22.25 
-15.91 
-9.73 
-3.63 
+2.43 


" 


-46.15 
-36.11 
-28.61 
-21.94 
-15.61 
-9.43 
-3.34 
-t2.72 


15 
-45.55 
-35.73 
-28.29 
-21.63 
-15.32 
-9.15 
-3.06 
+3.00 


The -37 
dBmo and -50 
dBmo output 
points significant 
for the Bell D3 system 
specification 
can be found 
between 
steps 11 and 12 on chord 
1, and steps 8 and 9 on chord 
O. respectively. 
Outputs 
corresponding 
to 
points below -50dB 
are specified 
in Table 1 for an accuracy 
of ± a half step. 


Functional Description 
The Am6072 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, IFS, 
is specified by the input binary code 111 1111,and is a linear 
function of the reference current, IREF.There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/Dl, input signal. A logic 1 applied to the 
E/D input placesthe Am6072 in the encode mode and current 
will flow into the IOEI+lor IOEI-Joutput, depending_on the 
state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places.the Am6072 in the decode mode. 


The transfer characteristic is a piece-wise linear approxi- 
mation to the Bell System JL-225 
logarithmic 
law which 


can be written as follows: 


Y = O.18£n(1 + JL IXI) sgn (X) 


where: X = analog signal level normalizedto unity 


(encoderinput or decoder output) 
Y = digital signal level normalizedto unity 


(encoderoutput or decoder input) 


JL = 255 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and E/D in- 
puts. The output currenttransferfunction 
can be represented 


by a total of 16segments or chords addressable through the 
SB input and three chord select bits. Each chord can be 
further divided into 16 steps, all of the same size. The step 
size changes from one chord to another, with the smallest 
step of O.5JLA found in the first chord near zero output cur- 
rent, and the largest step of64JLA found in the last chord near 
full scale output current. This nonlinear feature provides 
exceptional accuracy for small signal levels near zero output 
current. The accuracy for signal amplitudes corresponding 
to chord 0 is equivalent to that of a 12-bit linear, binary D/A 
converter. However, the ratio (in dB) between the chord 


IREF= VREF/RREF 


IDEALVALUES:IREF= 528/lA,IFS= 2007.75/lA 


Eto 
S8 
8, 
82 
83 
8. 
85 
86 
87 
ED 


POSITIVE 
FULL 
SCALE 
0 
1 
1 
1 
1 
1 
1 
1 
1 
5.019V 
1+1ZERO SCALE +1 STEP 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0.0012V 
Ii-I ZERO SCALE 
0 
1 
0 
0 
0 
0 
0 
0 
0 
OV 
I 
I ZERO SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ov 


f 
'ZERO 
SCALE +1 STEP 
0 
0 
0 
0 
0 
0 
0 
0 
1 
-o.0(112V 


NEGATIVE 
FULL 
SCALE 
0 
0 
1 
1 
1 
1 
1 
1 
1 
-5.019V 


endpoint current, (Step 15), and the current which corres- 
ponds to the preceding step, (Step 14),is maintained at about 
O.3dBover most of the dynamic range. The difference bet- 
ween the ratios of full scale current to chord endpoint cur- 
rents of adjacent chords is similarly maintained at approxi- 
mately 6dB over most of the dynamic range. Resulting 
signal-to-quantizing distortions due to non-uniform quantiz- 
ing levels maintain an acceptably low value over a 40dB 
range of input speech signals. Note that the 72dB output 
dynamic range for the Am6072 corresponds to the dynamic 
range of a sign plus 12-bit linear, binary D/A converter. 


In order to achieve a smoother transition 
between adja- 


cent chords, the step size between these chord end points 
is equal to 1.5 times the step size of the lower chord. 
Monotonic operation is guaranteed by the internal device 
design over the entire output dynamic range by specify- 
ing and maintaining the chord end points and step size 
deviations within the allowable limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding analog current signal, i.e., the 
basic function is digital-to-analog decoding. The basic de- 
coder connection for a sign plus l-bit input configuration is 
shown in Figure 1. The corresponding 
dynamic range is 


72dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching bet- 
ween the encode, 10EI+Jor IOEI-),and the decode, 100(+)or 
100(-),outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the EIDinput is high, (a logic 1),the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the 10Eoutputs (as determined by 
the SB input). When operating in the encode mode asshown 
in Figure 3, an offset current equal to a half step in eachchord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 


E1 


OUTPUT 
SB 
MEASUREMENT 


loe 
1+1 
(E01/A11 


ICE(-I 
IE01/A21 


100 1+1 
(E02/R3) 


100 I-I 
fE02/R41 


lEN' is automatically added to the 10Eoutput through the 
internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 32pA.. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.25/LA,which will bring the ideal encode 
current value for step 0 on chord 0to ±0.25/LAwith respectto 
the corresponding decode current value of O.O/LA.This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 72dB to 78dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the EiD input as a 
ninth digital input and has the outputs 100(+)and 10E(+)and 
the outputs 100(-) and 10E(-ltied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6072 can be used together with a Successive 
Approximation 
Register (SAR), comparator, and additional 


SSI logic elements to perform the AID data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1,characterizesthis AIDconverter system. The first task 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input 
value. When the proper Start, S, and Conversion Complete, 
CC, signal levels are set, the first clock pulse sets the MSB 
output of the SAR, Am2502, to a logic 0 and sets all other 
parallel digital outputs to logic 1levels. At the same time, the 
flip-flop is triggered, and its output provides the E/D input 
with a logic 0 level. No current flows into the 10Eoutputs. This 
disconnects the converter from the comparator inputs, and 
the incoming 
analog signal can be compared with the 


ground applied to the opposite comparator input. The result- 
ing comparator output is fed to the Am2502 serial data input, 
D, through an exclusive-or gate. At the same time, the sec- 
ond input to the same exclusive-or gate is held at a logic 0 
level by the additional 
successive approximation 
logic 


shown in Figure 3. This exclusive-or gate inverts the com- 
parator's outputs whenever a negative signal polarity is de- 
tected. This maintains the proper output current coding, I.e., 
all ones for full scale and all zeros for zero scale. 


The second clock pulse changes the E/D input backto a logic 
1 level because the CCsignal changed. It also clocks the D 


(GROUNDED 
FOR 
SINGLE·ENDED 
r -- 


INPUTSI...L 
+15V 
-=- 
2.5kn 


input signal of the Am2502 to its MSB output, and transfers it 
to the SB input ofthe Am6072. Depending upon the SB input 
level, current will flow into the 10E(+lor 10E(-loutput of the 
Am6072. 


Nine total clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6072 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the AID system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6072 output currentto a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier's 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0, sink current appears at the amplifier's 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (-) output ofthe Am6072. 
The resulting operational 
amplifier's 
output 
in Figure 2 


should ideally be symmetrical 
with 
resistors Rl and R2 


matched. 


In Figure 2, two operational amplifiers 
measure the cur- 


rents of each of the four Am6072 analog outputs. Resistor 
tolerances of 0.1% give 0.1% output 
measurement error 


(approximately 2/LAat full scale). The input offset currents 
of the Al 
and A2 devices also increase output measure- 
ment error and this error is most significant 
near zero 
scale. The Aml01A 
and 308 devices, for example, may be 
used for Al 
and A2 since their maximum offset currents, 


which would add directly to the measurement error, are 
only 10nA and 1nA, respectively. The input offset voltages 
of the Aland 
A2 devices, with output resistor values of 
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COMPANDING 


o TO A CONVERTER 


2.5kfl, also contribute to the output measurement error by 
a factor of 400nA for every mV of offset at the A1 and A2 
outputs. Therefore, to minimize error, the offset voltages 
of A1 and A2 should be nulled. 


The recommended operating range for the reference cur- 
rent IREFis from 0.1niA to 1.0mA. The full scale output 
current, IFS' is a linear function of the reference current, 
and may be calculated from the equation IFS = 3.8 IREF. 
This tight relationship between IREFand IFSalleviates the 
requirement for trimming 
the IREFcurrent if the RREFre- 


sistors values are within 
±1% of the calculated 
value. 
Lower values of IREFwill reduce the negative power sup- 
ply current, (1-). and will increase the reference amplifier 
negative common mode input voltage range. 


The ideal value for the reference current IREF= VREF/RREF 
is 


528!LA. The corresponding ideal full scale decode and en- 
code current values are 2007.75!LA and 2039.75!LA, respec- 
tively. A percentage change from the ideal IREFvalue pro- 
duced by changes in VREFor RREFvalues produces the same 
percentage change in decode and encode output current 
values. The positive voltage supply, V+, may be used, with 
certain precautions, for the positive reference voltage VREF. 
Inthis case,the reference resistor RREF(+)should besplit into 
two resistors and their junction bypassed to ground with a 
capacitor of 0.01!LF.The total resistor value should provide 
the reference current IREF= 528!LA. The resistor RREF(-) 
value should be approximately equal to the RREF(+)value in 
order to compensate for the errors caused by the reference 
amplifier's input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1,2 and 3 is the application of a negative 
voltage to the VR(-) terminal through the resistor RREF(-) 
with the RREF(+)resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the VR(-) terminal while the reference current flows from 
ground through RREF(+)into the VR(+)terminal. 
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Figure4. Interfacing Circuits for ECL, CMOS,HTL, 
and NMOS Logic Inputs. 


The Am6072 has a wide output voltage compliance suit- 
able for driving a variety of loads. With IREF= 528!LA and 
V- 
= -15V, 
positive voltage 
compliance 
is +18V and 


negative voltage compliance is -5.0V. For other values of 
IREFand V-, 
the negative voltage 
compliance, 
VoC(-), 


may be calculated as follows: 


VoC(-) = (V-) + (2 -IREF- 1.5kfl) 
+- 8.4V. 


The following 
table contains 
VoC(-) values 
for some 
specific V-, IREF,and IFSvalues. 


NegativeOutput Voltage ComplianceVOC(-) 


~ 


264f,lA 
528pA 
1056f,lA 


V- 
(IFS) 
(1mA) 
(2mA) 
(4mA.) 


-12V 
-2.8V 
-2.0V 
-O.4V 


-15V 
-5.8V 
-5.0V 
-3.4V 


-18V 
-8.8V 
-8.0V 
-6.4V 


The VLC input 
can accommodate 
various 
logic 
input 


switching threshold voltages allowing the Am6072 to in- 
terface with various logic families. This input should be 
placed at a potential which is 1.4V below the desired logic 
input switching threshold. Two external discrete circuits 
which provide this function for non-TTL driven inputs are 
shown in Figure 4. For TTL-driven logic inputs, the VLC 
input 
should 
be grounded. 
If negative 
voltages 
are 


applied at the digital logic inputs, they must have a value 
which is more positive than the sum of the chosen V- 
value and +10V. 


With a V- 
value chosen between -15V 
and -11V, 
the 


VOCl-), the input reference common mode voltage range, 
and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between -15V and the 
V- value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
enceamplifier common mode positive voltage range andthe 
VLCinput values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. 


INPUT 
CODE 


OUTPUT 
VOLTAGE 
(V) 


IE/D, SB, B,... ". 87) 
"A" 
"8" 
"C" 
DIFF 


101111111 
0 


101101111 
+5.02 
N'A 
N'A 
N'A 


10000סס oo 
+10.00 


011111111 
-5.00 
+5.00 
-10.00 


011101111 
+0.02 
+5.00 
--4.98 
01000סס oo 
N'A 
+5.00 
+5.00 
0 
oc oco ococ 
+5.00 
+5.00 
0 


001101111 
+5.00 
+0.02 
+4.98 


00 
1111111 
+5.00 
-5.00 
+10.00 


Notes: 2. Set the voltage "A" to the desired logic input switching threshold. 


3. Allowable 
range of logic threshold 
is typically 
-5V 
to +13.5V 
when operating 
the companding 
DAC on ±15V supplies. 


Table 3 
Normalized 
Decoder Output 
(Sign Bit 
Excluded) 


~ 


0 
1 
2 
3 
4 
5 
6 
7 


Step (S) 
000 
001 
010 
011 
100 
101 
110 
111 


0 
0000 
0 
33 
99 
231 
495 
1023 
2079 
4191 


1 
0001 
2 
37 
107 
247 
527 
1087 
2207 
4447 


2 
0010 
4 
41 
115 
263 
559 
1151 
2335 
4703 


3 
0011 
6 
45 
123 
279 
591 
1215 
2463 
4959 


4 
0100 
8 
49 
131 
295 
623 
1279 
2591 
5215 


5 
0101 
10 
53 
139 
311 
655 
1343 
2719 
5471 


6 
0110 
12 
57 
147 
327 
687 
1407 
2847 
5727 
7 
0111 
14 
61 
155 
343 
719 
1471 
2975 
5983 


8 
1000 
16 
65 
163 
359 
751 
1535 
3103 
6239 
9 
1001 
18 
69 
171 
375 
783 
1599 
3231 
6495 


10 
1010 
20 
73 
179 
391 
815 
1663 
3359 
6751 
11 
1011 
22 
77 
187 
407 
847 
1727 
3487 
7007 


12 
1100 
24 
81 
195 
423 
879 
1791 
3615 
7263 


13 
1101 
26 
85 
203 
439 
911 
1855 
3743 
7519 
14 
1110 
28 
89 
211 
455 
943 
1919 
3871 
7775 
15 
1111 
30 
93 
219 
471 
975 
1983 
3999 
8031 


Step Size 
2 
4 
8 
16 
32 
64 
128 
256 


The normalized 
decode 
current, 
(lc.s), 
is calculated 
using: 


Ic,s 
= 2(2c(S 
+ 16.5) - 
16.5) 
where 
C = chord 
number; 
S = step 
number. 
The ideal 
de- 


code 
current, 
(100), in J.LAis calculated 
using: 


100 = (Ic• 
sf17. 
15(norm.)) • IFS (!LA) 


where 
Ic•s 
is the corresponding 
normalized 
current. 
To ob- 
tain 
normalized 
encode 
current 
values 
the 
corresponding 


normalized 
half-step 
value 
should 
be added 
to all entries 
in 


Table 
3. 


Table 4 
Decoder Step Size Summary 


Resolution 
& 
Step Size 
Step Size 
Step Size 
Step Size in 
Step Size as a % 
Accuracy 
of 
Normalized 
in /lA with 
as a % of 
dB at Chord 
of Reading at 
Equivalent 
Chord 
to Full Scale 
2007.75/lA 
FS 
Full Scale 
Endpoints 
Chord 
Endpoints 
Binary 
DAC 


0 
2 
0.5 
0.025% 
0.60 
6.67% 
Sign + 12 Bits 
1 
4 
1.0 
0.05% 
0.38 
4.30% 
Sign + 11 Bits 
2 
8 
2.0 
0.1% 
0.32 
3.65% 
Sign + 10 Bits 
3 
16 
4.0 
0.2% 
0.31 
3.40% 
Sign + 
98its 
4 
32 
8.0 
0.4% 
0.29 
3.28% 
Sign + 
8 Bits 


5 
64 
16.0 
0.8% 
0.28 
3.23% 
Sign + 
7 Bits 
6 
128 
32.0 
1.6% 
0.28 
3.20% 
Sign + 
6 Bits 
7 
256 
64.0 
3.2% 
0.28 
3.19% 
Sign + 
5 Bits 


Table 5 


Decoder 
Chord Size Summary 


\ 


Chord 
Endpoints 
Chord 
Endpoints 
Chord 
Endpoints 
Chord 
Endpoints 


Normalized 
to 
in /lA with 
as a % of 
in dB Down 
Chord 
Full Scale 
2007.75/lA 
FS 
Full Scale 
from 
Full Scale 


0 
30 
7.5 
0.37% 
-48.55 


1 
93 
23.25 
1.16% 
-38.73 
2 
219 
54.75 
2.73% 
-31.29 
3 
471 
117.75 
5.86% 
-24.63 
4 
975 
243.75 
12.1% 
-18.32 


5 
1983 
495.75 
24.7% 
-12.15 


6 
3999 
999.75 
49.8% 
-6.06 


7 
8031 
2007.75 
100% 
0 


±10V RANGE ENCODER/DECODER 
CONNECTIONS 
COMPLIANCE EXTENSION 


USING AC COUPLED OUTPUT 


IDEAL 
VALUES: 


IREF 
= 5281'A 


IFS = 2007.751'A 
EJ 


a, 
Be Sri Be 83 
82 8, 
SB EJD 
I+J 


VRt+l 
IOE I-I 


AmlO72 


IREF 
= VIN/R,N 
+ VREF/RREF 


'FS ~ 4· 
'REF 


'REF 
= (VREF 
- 
V,NI/RREF 


IFS~4·'REF 


LOGARITHMIC DIGITAL GAIN CONTROL 
(Notes 4& 
5) 


Reference 
Amplifier 
Total Harmonic 
Distortion 


Versus Frequency 
(80kHz 
Filter) 
(Notes 6, 7, 8) 


II IJJl 


See Note 8 


'"1 
0.5 
zo 
~ 
0.2 
a: 
~ 
0.1 
o 
0.05 


u 


~ 
0.02 


~ 
0.01 
" 
:z: 0005 
-'g 0.002 


•..• 0.001 


10 


LARGE 
SIGNAL 
INPUT 
+5V PEAK 
(50% MODULATION) 


Power Supply Currents 


Versus Power Supply Voltages 


8.0 


~ 
7.0 


I 
+- 
6.0 
~ 
~ 
5.0 


" 
u 
4.0 
~ 
~ 
3.0 
iil 
ffi 
2.0 


~ 
1.0 


I 


All 
BITS"HIGH" ORI··l~W,,1-t-- 


IFS z: 2.0mA 
I 


Bit Transfer 
Characteristics 
(Note 10) 


"E 
I 
0.25 
..~ 
a:a:" 
u.. 
":: 
5 


0,10 
V,."".-15V 
,\~,--'~V 
0.06 
",, 
r 


o 
'" 
-12 -8 
-4 
0 


Reference 
Amplifier 
Input Frequency 
Response 


!g 
I 
-2 


~ -4 S~~~\,S~~:~L 


~ 
-SHI'%MOOUlAi'II!1 


> 
~ 
IIIII 


~ 
-10 
LARGESIGNAl/ 
tt: 
-12 
(SLEW 
RATE 
lIMITEDI 
-14 
5V PEAK 


-16 
(~?:'M9~,~Lf';I~,N) 


100 
lk 
10k 
lOOk 


Reference 
Am'plifier 


Input Common-Mode 
Range 
(Note 9) 


Power Supply Currents 
Versus Temperature 


" 
E 
I..~ 
a:a:" 
u~ 
it 
iil 
ffi 
2.0 
;t 
2 


"~ 
2.4 V-"'-l~;V 


§ 
2.0 


a:a:"u..~.."o 
'T'125nt~- 


~ 
I 


Logic Input Current 
Versus Input Voltage 
and Logic Input Range 
(Note 11) 


30 
I I I I I I 


IREF• 
a.5mA 
v- ..-15V 
20 
VLC·OV 


o-12 -8 
-4 
0 
4 
8 
12 
16 


LOGIC 
INPUT 
VOLTAGE 
- 
V 


Output 
Current 
Versus 


Output 
Voltage 


(Output 
Voltage Compliance) 


4.4 


4.0 


c( 
3.6 


EI 
3.2 


~ 
2.8 
a: 
2.4 
a:a 
2.0 
.."::"o 


I 
I 
I 
I 
I 
I 
II I 
'REF-'·OmA 
I 
I 
I 
I 
I 
I 


TA -TMIN toTMAX I 
I 
I 


V---'5V 
I 
I 
I 


IREF" 
a.SmA 
I 
I 


'.2 
0.8 


0.4 
o 
-14 
-10 
~ 


I 
I 
I 
I 
I 
I 
~ 


-2 
2 


Output 
Full Scale Current 


Versus Reference 
Input Current 


5.0 
, 
/ 
V 
/ 
/ 
/ 


1.0 
t/ 
/ 


0/ 
o 


• 
4.0 
§ 
a:a:" 
u 
w-'"l;l 
-'-'~..~.. 
"o 


Notes: 
6. THO is nearlv independent 
of the logic input code. 
7. Similar 
results are obtained 
for a high input impedance 
connection 
using YR(-) 
as an input. 


8. Increased distortion 
above 50kHz is due to a slew rate limiting 
effect which determines 
the large signal bandwidth. 
For an input of ±2.5V peak (25C11 


modulation). 
the bandwidth 
is 100kHz. 
9. Positive common 
mode range is always (v+} - r.5V. 
10. All bits are fully switched 
with 
less than a half step error at SWitching points which 
are guaranteed 
to lie between 
o.BY and 2.0V 
over the operating 
temperature 
range. 
11. The logic input voltage 
range is independent 
of the positive 
power supply and logic inputs 
may swing above the supply. 


I$=a: 


I 


APPLICATION 
INFORMATION 


1. To perform a transmit operation cycle the START pulse 


must be held low for one clock cycle; the receive opera- 
tion is performed without the successive approximation 
register, SAR. 


2. XMT and RECEIVEcommand signals are mutually exclu- 


sive. 


3. Duration 
of the 
RECEIVE command 
signal 
must 
accommodate the Am6072 settling time plus the sam- 
pling time required by the sample and hold, (S & H), 
circuit used at the CODEC'sanalog output. The receiving 
data must not change during this time. 
4. A XMT command signal must be issued after a high-to- 


low transition of the CONVERSIONCOMPLETE,CC,sig- 
nal. Its duration depends on the time required by the 
digital time division switch circuitry to sample the 8-bit 
parallel transmit data bus. 


Am2S02 


SUCCESSIVE 
APPROXIMATION 
REGISTER 
(SARI 
o 


"S8 


'4 
13 12 11 


EI 


5. Dataconversion for atransmit operation is completed in 9 
clock cycles becausethe SAR must be initialized before 
every new conversion. Data conversion for a receive op- 
eration corresponds to the Am6072 settling time; the re- 
ceiving and transmit data transfers can be done simul- 
taneously by employing separate transmit and receive 
data buses and utilizing data storage devices for the re- 
ceive data. 


6. 
A sample command pulse for a transmit operation can 
coincide with the START pulse; its duration depends on 
the sample and hold circuit used at the CODEC'sanalog 
input. 


7. A sample command pulse for a receive operation must be 
delayed from a low-to-high transition of the RECEIVE 
command signal by an amount equal to the Am6072 set- 
tling time. Its termination can coincide with a high-to-Iow 
transition of the RECEIVEcommand signal. 


ANALOG 
_~~INPUT 
r~ 


CP 
SUCCESSI~~=~XIMATION 
CC 


REGISTER 
(SARJ 


123456789 
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8, 
82 
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84 
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87 


Am&072 


COMPANDING 


o TO 
A CONVERTER 


1. Before beginning either a transmit or a receive operation, 


the START signal must be held low for one complete clock 
cycle. 


2. XMT and RECEIVE command signals are mutually exclu- 


sive. Their durations must accommodate the time required 
for conversion of an outgoing or an incoming series of 8 di- 
gital bits, respectively. 


3. Data conversion for either operation, transmit or receive, is 


completed in 9 clock cycles. 


4. During the receive cycle the successive approximation 
re- 


gister, SAR, is acting as a serial-in to parallel-out shift re- 
gister, with data supplied from data storage devices. 


5. A sample command pulse for a transmit cycle must be is- 


sued before a XMT command signal; its duration depends 
on the sample and hold, S & H, circuit used. 


6. A sample command pulse for a receive cycle must be de- 


layed by a time equal to the Am6072 settling time after a 
high-to-Iow 
transition 
of the CONVERSION 
COMPLETE, 


CC, signal occurs. 


8 
CHANNEL 
ANALOG 
MUX 


TIME· 


DIVISION 
MUX 
$WITCH 


I 
I 


!BELl 
03 SYSTEM 
SPECIFICATION 
(MAXIMUM) 
! 
I 


Am6072 


I 


SPECIFICATION 


I 
(MAXIMUM) 


The Am6072 
has a negligible idle channel noise contribution. 
Signal-to-quantizing-distortion 
ratio, (S/D), is 
guaranteed 
to exceed the minimum 
values specified 
for 03 channels 
as follows: 


Input 
Level 1020 Hz Sinewave 
SID, C-Message Weighting 


o to -30 
dBmo 
33 dB 
At -40 
dBmo 
27 dB 
At -45 
dBmo 
22 dB 


VREF 
DIGITAL 
INPUTS 


+lOV 


RREF+ 


18.94kO 


'OEI+I 
11 


VAI+) 
'REF-- 
Am6072 


VRI_) 
100(+) 


12 
IOOH 


RREF_ 


20kn 


-15V 
+15V 


The Am6072 
can perform the decoding 
function 
in a 03 channel bank system. 
During signalling frames the 
least significant 
bit, B7, of each a-bit word is used for signalling messages and only seven bits are used for 


sample coding. 
In order to minimize the quantizing 
error during these signalling frames, the Am6072 output 


is increased 
by a half step from its corresponding 
decode 
output 
value by switching the Eli) input from a 
logic level 0 to a logic 1. 


17 
IOD{_1 


16 
'001+1 


15 
IOE(_) 


14 
'OEf+1 


Am6073 
Companding D-to-A Converter for PCM Communication 
Systems 


Distinctive 
Characteristics 


• Tested to CCITTA-law tracking specification 
• Absolute accuracy specified - includes all errors over 


temperature range 
• Settling time 300ns typical 
• 
Ideal for multiplexed PCM systems 


• Output dynamic range of 62 dB 


• 
Improved pin-for-pin replacement for DAC-87 


• Microprocessor controlled operations 
• Multiplying operation 
• 
Negligible output noise 
• 
Monotonicity guaranteed over entire dynamic range 
• Wide output voltage compliance 
• Low power consumption 


The Am6073 is a monolithic 
8-bit, companding 
digital-to- 


analog (D/A) 
data converter with true current outputs and 


large output voltage compliance for fast driving a variety of 
loads. The transfer function ofthe Am6073 complies with the 
cCln 
A-87.6 companding law, and consists of 13 linear seg- 
ments or chords. A particular chord is identified with the sign 
bit input, (SB), and three chord select input bits. Each chord 
contains 16 uniformly spaced linear steps which are deter- 
mined by four step select input bits. The resulting dynamic 
range achieved with this a-bit format is 62dB. Accuracy and 
monoticity are assured by the internal circuit design and are 
guaranteed over the full temperature range. The Am6073 is 


STEP 
BITS 
, 


'84 
8S 
86 
81\ 


6 
1 
8 
9 
I 


I 


I 


I 


I 
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tested to the cCln 
A-law compandor tracking specification 
for pulse code modulation (PCM)transmission systems. The 
application of the Am6073 in communication 
systems pro- 


vides an increased signal-to-noise ratio, reduces system sig- 
nal distortion, and stimulates wider usage of computerized 
channel switching. Other application areas include digital 
audio recording, voice synthesis, and secure communica- 
tions. When used in PCM communication 
systems, the 
Am6073 functions as a complete PCM decoder with addi- 
tional 
encoding 
capabilities 
which 
make it ideal for im- 


plementation in CODECcircuits. 


CONNECTION DIAGRAM 


Am6073 
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ENCODER 
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11 
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POWER 
SUPPLY 


SECOND 
STEP 
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7 
12 
NEGATIVE 
R'EFERENCE 
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8 
" 


POSITIVE 
REFERENCE 
INPUT 


LEAST 
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STEP 
BIT 
INPUT 
9 
,. 
THRESHOLD 
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Part Number 
Temperature 
Accuracy 


Am6073DM 
-55°C to +125°C 
Conforms to cCln 


Am6073DC 
O°Cto +70°C 
A-law specification 


Other AMD Companding D/A Converters 


Am6070DM, DC 
Conforms to industrial /L-Iawspec. 


Am6071DM, DC 
Conforms to industrial A-law spec. 
AM6072DM, DC 
Conforms to Bell 03 spec. 


Top View 


Pin 1 is marked 
for orientation. 


V+ Supply to V- 
Supply 
36V 
Operating 
Temperature 


VLC Swing 
V- 
plus BV to V+ 
MIL Grade 
_55°C 
to +125°C 


Output 
Voltage Swing 
V- 
plus BV to V- 
plus 36V 
COM'L Grade 
O°C to +70°C 


Reference 
Inputs 
V-toV+ 
Storage Temperature 
_65°C 
to +150°C 


Reference 
Input Differential 
Voltage 
±lBV 
Power Dissipation 
TA';; 
100°C 
500mW 


Reference 
Input Current 
1.25mA 
For TA> 
100° C derate at 
10mWfC 


Logic Inputs 
V- 
plus BV to V- 
plus 36V 
Lead Soldering 
Temperature 
300°C 
(60 sec) 


Resolution 
±128 Steps 


Monotonicity 
For both 
groups of 128 
steps and over full 
operating 
temperature 
range 


Dynamic 
Range 
62 dB, 120 log (17, 15/10, 
1I) 


ELECTRICAL 
CHARACTERISTICS 
(Note 1) 


These 
specifications 
apply 
for 
V+=+15V, 
V- 
= -15V, 
IREF = 512J.lA, O°C';;TA 
';;+70°C, 
forthe 
commercialgrade,-55°C';;TA 


.;; +125°C, 
for the military 
grade, and for all 4 outputs 
unless otherwise 
specified. 


ts 
Settl ing Time 
To within 
±1/2 
step at T A ~ 25°C, 
- 
300 
500 
ns 


Output 
switched 
from 
IZS to I FS 


Chord 
Endpoint 
Accuracy 


Step Nonlinearity 


IEN 
Encode 
Current 


IFS(O) 
VREF = +10,OOOV 


Full 
Scale Current 
Deviation 
from 
Ideal 
RREF+ = 19.53kU 
See Table 
1 for absolute 
accuracy 
IFS(E) 
limits 
which 
cover all errors 
related 


RREF- 
= 20kr1 
to the transfer 
charac.teristic. 


10(+)-10(-) 
Full 
Scale Current 
Symmetry 
Error 
-5V 
<; VOUT 
<; +18V 


Decode 
or Encode 
Pair 


IZS 
Zero 
Scale Current 


~IFS 
Full Scale Current 
Drift 


VOC 
Output 
Voltage 
Compliance 
Output 
within 
limits specified by Table 1 
-5 
- 
+18 
Volts 


10lS 
Disable 
Current 
Leakage of output 
disabled 
by E/D 
or SB 
- 
5.0 
50. 
nA 


IFSR 
Output 
Current 
Range 
a 
2.0 
4.2 
mA 


VIL 
Logic 
Input 
I 
Logic "a" 
- 
- 
0.8 
Volts 


VIH 
Levels 
I 
Logic "1" 
VLC=OV 
2.0 
- 
- 
Volts 


IIN 
Logic 
Input 
Current 
VIN 
- -5V 
to+18V 
- 
- 
40 
IlA 


VIS 
Logic 
Input 
Swing 
V-- 
-15V 
-5 
- 
+18 
Volts 


IBREF- 
Reference 
Bias Current 
- 
-1.0 
-4.0 
IlA 


dlldt 
Reference 
Input 
Slew 
Rate 
0.12 
0.25 
- 
mAills 


PSSIFS+ 
Power 
Supply 
Sensitivity 
Over Supply 
Range 
V+ = +4.5 to +18V, 
V- 
= -15V 
- 
0.005 
0.1 


PSSIFS_ 
(Refer 
to Characteristic 
Curves) 
dB 


V- 
~ -10.8V 
to -18V, 
V+ ~ +15V 
- 
0.01 
0.1 


1+ 
Power 
Supply 
Current 
V+ - +5V to +15V, 
V- 
- -15V, 
- 
2.7 
4.0 


1- 
IFS = 2.OmA 
mA 
- 
-6.7 
-8.8 


Po 
Power 
Dissipation 
V- 
= -15V, 
VOUT = OV I 
V+ ~ +5V 
- 
114 
152 


IFS ~ 2.OmA 
I 
V+ -+15V 


mW 
- 
141 
192 


Note 
1. 
In a companding 
DAC 
the term 
LSB is not used because the step size within 
each chord 
is different. 
For example, 
in the first 
cnord 
around 
2:ero {CO} 
the step size is 1.0j.lA, 
while 
in the last chord 
near full 
scale (e71 the step size is 64j.lA. 


CHORD 
STEP 


0 
1 
2 
3 
4 
5 
6 
7 


.000 
16.032 
32.064 
64.127 
128.25 
256.51 
513.02 
1026.04 


0 
.500 
16.500 
33.000 
66.000 
132.00 
264.00 
528.00 
1056.00 


1.000 
16.982 
33.964 
67.927 
135.85 
271.71 
543.42 
1086.84 


1.000 
17.003 
34.007 
68.014 
136.03 
272.06 
544,1' 
1088.22 
, 
1.500 
17.500 
35.000 
70.000 
140.00 
280.00 
560.00 
1120.00 
2.000 
18.01' 
36.022 
72.044 
144.09 
288.18 
576.35 
1152.70 


2.103 
17.975 
35.950 
71.900 
143.80 
287.60 
575.20 
1150.41 
2 
2.500 
18.500 
37.000 
74.000 
148.00 
296.00 
592.00 
1184.00 
2.971 
19.040 
38.080 
76.161 
152.32 
304.64 
609.29 
1218.57 


2.945 
18.947 
37.893 
75.787 
151.57 
303.15 
606.30 
1212.59 
3 
3.500 
19.500 
39.000 
78.000 
156.00 
312.00 
624.00 
1248.00 
4.160 
20.069 
40.139 
80.278 
160.56 
321.11 
642.22 
1284.44 


4.248 
19.918 
39.837 
79.673 
159.35 
318.69 
637.39 
1274.78 
• 
4.500 
20.500 
41.000 
82.000 
164.00 
328.00 
656.00 
1312.00 
4.767 
21.099 
42.197 
84.394 
168.79 
337.58 
675.16 
1350.31 


5.192 
20.890 
41.780 
83.560 
167.12 
334.24 
668.48 
1336.96 
5 
5.500 
21.500 
43.000 
86.000 
172.00 
344.00 
688.00 
1376.00 
5.826 
22.128 
44.256 
88.511 
177.02 
354.04 
708.09 
1416.18 


6.136 
21.862 
43.723 
87.447 
174.89 
349.79 
699.57 
1399.14 
6 
6.500 
22.500 
45.000 
90.000 
180.00 
360.00 
720.00 
1440.00 
6.885 
23.157 
46.314 
92.628 
185.26 
370.51 
741.02 
1482.05 


7.080 
22.833 
45.667 
91.333 
182.67 
365.33 
730.66 
1461.33 
7 
7.500 
23.500 
47.000 
94.000 
188.00 
376.00 
752.00 
1504.00 
7.944 
24.186 
48.372 
96.745 
193.49 
386.98 
773.96 
1547.92 


8.025 
23.805 
47.610 
95.220 
190.44 
380.88 
761.76 
1523.51 
8 
8.500 
24.500 
49.000 
98.000 
196.00 
392.00 
784.00 
1568.00 
9.004 
25.215 
50.431 
100.862 
201.72 
403.45 
806.89 
1613.79 


8.969 
24.777 
49.553 
99.106 
198.21 
396.42 
792.85 
1585.70 
9 
9.500 
25.500 
51.000 
102.000 
204.00 
408.00 
816.00 
1632.00 


10.063 
26.245 
52.489 
104.978 
209.96 
419.91 
839.83 
1679.66 


9.913 
25.748 
51.496 
102.993 
205.99 
411.97 
823.94 
1647.88 


'0 
10.500 
26.500 
53.000 
106.000 
212.00 
424.00 
848.00 
1696.00 
11.122 
27.274 
54.548 
109.095 
218.19 
436.38 
872.76 
1745.52 


10.857 
26.720 
53.440 
106.879 
213.76 
427.52 
855.03 
1710.07 


" 


11.500 
27.500 
55.000 
110.000 
220.00 
440.00 
880.00 
1760.00 


12.181 
28.303 
56.606 
113.212 
226.42 
452.85 
905.70 
1811.39 


11.801 
27.691 
55.383 
110.766 
221.53 
443.06 
886.12 
1722.25 


'2 
12.500 
28.500 
57.000 
114.000 
228.00 
456.00 
912.00 
1824.00 


13.241 
29.332 
58.664 
117.329 
234.66 
469.32 
938.63 
1877.26 


12.745 
28.663 
57.326 
114.652 
229.30 
458.61 
917.22 
1834.43 


'3 
13.500 
29.500 
59.000 
118.000 
236.00 
472.00 
944.00 
1888.00 


13.894 
30.361 
60.723 
121.446 
242.89 
485.78 
971.57 
1943.13 


14.089 
29.635 
59.269 
118.539 
237.08 
474.15 
948.31 
1896.62 
,. 
14.500 
30.500 
61.000 
122.000 
244.00 
488.00 
976.00 
1952.00 


14.923 
31.391 
62.781 
125.562 
251.12 
502.25 
1004.50 
2009.00 


15.060 
30.606 
61.231 
122.425 
244.85 
489.70 
979.40 
1958.80 


'5 
15.500 
31.500 
63.000 
126.000 
252.00 
504.00 
1008.00 
2016.00 


15.953 
32.420 
64.840 
129.679 
259.36 
518.72 
1037.43 
2074.87 


STEP 
, 
1 
2 
• 
8 
16 
32 
64 
SI2E 


Minimum, ideal and maximum values are specified for each step. The minimum and maximum values 
are specified to comply with the CCITr A-law compandor tracking requirements. All four outputs are 
guaranteed, the encode outputs being specified to limits a half step higher than those shown above. This 
takes into account the combined effects of chord endpoint accuracy, step nonlinearity, encode current 
error, full scale current deviation from ideal, full scale symmetry error, zero scale current, full scale drift, 
and output impedance over the specified output voltage compliance range. Note that the guaranteed 
monotonicity ensures that adjacent step current levels will not overlap as might otherwise be implied 
from the minimum and maximum values shown in the above table. 


TABLE 2 
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo) 


STEP 
CHORD 


0 
1 
2 
3 
4 
5 
6 
7 


0 
-69.11 
-38.74 
-35.72 
-26.70 
-20.68 
-14.66 
-8.64 
-2.62 
, 
-59.57 
-38.23 
-32.21 
-26.19 
-20.17 
-14.15 
-8.13 
-2.11 


2 
-55.13 
-37.75 
-31.73 
-25.71 
~19.68 
-13.66 
-7.64 
-1.62 


3 
-52.21 
-37.29 
-31.27 
-25.25 
-19.23 
-13.21 
-7.19 
-1.17 
• 


-50.03 
-36.85 
-30.83 
-24.81 
-18.79 
-12.77 
-6.75 
-0.73 


5 
-48.28 
-36.44 
-30.42 
-24.40 
-18.38 
-12.36 
-6.34 
-0.32 


6 
-46.83 
-36.05 
-30.03 
-24.00 
-17.98 
-11.96 
-5.94 
+0.08 
7 
-45.59 
-35.67 
-29.65 
-23.63 
-17.61 
-11.59 
-5.57 
+0.46 


8 
-44.50 
-35.31 
-29.29 
-23.27 
-17.24 
-11.22 
-5.20 
+0.82 
9 
-43.54 
-34.96 
-28.94 
-22.92 
-16.90 
-10.88 
-4.86 
+1.16 


'0 
-42.67 
-34.62 
-28.60 
-22.58 
-16.56 
-10.54 
-4.52 
+1.50 
" 


-41.88 
-34.30 
-28.28 
-22.26 
-16.24 
-10.22 
-4.20 
+1.82 


'2 
-41.15 
-33.99 
-27.97 
-21.95 
-15.93 
-9.91 
-3.89 
+2.13 


'3 
-40.48 
-33.69 
-27.67 
-21.65 
-15.63 
-9.61 
-3.59 
+2.43 
,. 
-39.86 
•....33.40 
-27.38 
-21.36 
-15.34 
-9.32 
-3.30 
+2.72 


'5 
-39.28 
-33.12 
-27.10 
-21.08 
-15.06 
-9.04 
-3.02 
+3.00 


The -40dBmo, 
-50dBmo, 
and -55dBmo 
output points significant for the CCITTA-87.6 PCM system 
specification can be found between steps 13and 14on chord 0, steps 4 and 5 on chord 0, and steps 2 and 
3 on chord 0, respectively. Outputs corresponding to points below -55dBmo are specified in Table 1for 
an accuracy of ± a half step. 


Functional Description 


The Am6073 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, IFS' 
is specified by the input binary code 111 1111,and is a linear 
function ofthe reference current, IREF.There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (EiO),input signal. A logic 1 applied to the 
E/Dinput placesthe Am6073 in the encode mode and current 
will flow into the 10E(+)or 10E(-)output, depending on the 
state of the Sign Bit (SB) input. A logic 0 at the E!D input 
places the Am6073 in the decode mode. 


The transfer characteristic is a piece-wise linear approxima- 
tion to the CCITI A-87.6Iogarithmic law which can bewritten 
as follows: 


Y = 0.18 (1 + In (A Ixi )) sgn (Xl, 1/A '" IXI '" 1 
Y = 0.18 (A IXI ) sgn (Xl, 
0'" Ixi '" 1/A 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 


Y = digital signal level normalized to unity 


(encoder output or decoder input) 


A = 87.6 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and E/D in- 
puts. The output current transfer function can be represented 
by a total of 16segments or chords addressable through the 
SB input and three chord select bits. The two chords closest 
to the origin ofthe transfer function, chord 0 and chord 1,are 
made colinear and contiguous. The beginning of chord 0, 
specified by the input binary code 000 0000, is offset by 
+0.5ILA. 
Eachchord can be further divided into 16 steps, all 
of the same size. The step size changes from one chord to 
another, with the smallest step of 1.OILA found in the first two 
chords nearzero output current, and the largest step of 64ILA 
found in the last chord near full scale output current. This 
nonlinear feature provides exceptional accuracy for small 
signal levels. The accuracy for signal amplitudes corres- 


IREF= VREF/RREF 
IDEALVALUES:IREF= 5121'A.IFS= 20161'A 


EtO 
SB 
B, 
B2 
B3 
B, 
B5 
B6 
B7 
ED 


POSITIVE 
FULL 
SCALE 
0 
1 
1 
1 
1 
1 
1 
1 
1 
5.040V 


l-tl ZERO SCALE +1 STEP 
0 
1 
0 
0 
0 
0 
0 
0 
1 
O.OO4V 


(-t.) ZERO 
SCALE 
0 
1 
0 
0 
0 
0 
0 
0 
0 
O.OO12V 


I-I 
ZERO SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
~O.OO12V 


f 
) 7FRO 
SCALE"" 
STEP 
0 
0 
0 
0 
0 
0 
0 
0 
, 
O.OO4V 


NEGATIVE 
FULL 
SCALE 
0 
0 
1 
1 
1 
1 
1 
1 
1 
-5.040V 


ponding to chords 0 and 1 is very close to that of an 11-bit 
linear, binary D/A converter. The ratio (in dB) between the 
chord endpoint current, (Step 15), and the current which 
corresponds to the preceding step, (Step 141,is maintained 
at aboutO.3dB overthe entire dynamic range, with the excep- 
tion of chord O.The difference between the ratios of full scale 
current to chord endpoint currents of adjacent chords is 
similarly maintained at 6dB over the entire dynamic range. 
Resulting 
signal-to-quantizing 
distortions 
due to non- 


uniform quantizing levels maintain an acceptably low value 
over a40dB range of input speechsignals. Notethatthe 62dB 
output dynamic range for the Am6073 is very close to the 
dynamic range of a sign plus 11-bit linear, binary D/Aconver- 
ter. 


In order to achieve a smoother transition between adjacent 
chords, the step sizebetween these chord end points is equal 
to 1.5 times the step size of the lower chord. Note that this 
does not apply to chord 0 and chord 1 where adjacent end 
points differ by only one step, becausethese two chords are 
colinear and have the same step sizes. Monotonic operation 
is guaranteed by the internal device design over the entire 
output dynamic range by specifying and maintaining the 
chord end points and step size deviations within the allow- 
able limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding analog current signal, i.e., the 
basic function is digital-to-analog decoding. The basic de- 
coder connection for a sign plus 7-bit input configuration is 
shown in Figure 1. The corresponding 
dynamic range is 
62dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The EJDinput enables switching be- 
tween the encode, 10E(+)or 10E(-).and the decode, loo(+l or 
100(-),outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the EJDinput is high, (a logic 1),the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the 10Eoutputs (as determined by 
the SB input). When operating in the encode mode asshown 


TEST 
OUTPUT 


GROUP 
E/O 
S8 
MEASUREMENT 


1 
1 
1 
'OE 1+1 /1E01:RII 


2 
1 
0 
IOE I-I 
(E01/A2) 


3 
0 
1 
100 (+) 
(E02/R31 


4 
0 
0 
100 I-I 
(E02/A41 


in Figure 3, an offset current equal to a half step in eachchord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 
lEN, is automatically added to the 10Eoutput through the 
internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 32p.A. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.5p.A,which will bring the ideal encode 
current value for step 0 on chord 0 to ±1.0p.Awith respect to 
the corresponding decode current value of 0.5p.A.This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 62dB to 66dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the Ei5 input as a 
ninth digital input and has the outputs 10D(+)and 10EI+)and 
the outputs 10D(-)and 10EI-)tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6072 can be used together with a Successive 
Approximation 
Register (SARl, comparator, and additional 


SSI logic elements to perform the AiD data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1,characterizesthis AiD converter system. The first task 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding 
SB input 


value. When the proper START,(8), and CONVERSIONCOM- 
PLETE,(CC).signal levels.are set, the first clock pulse sets 
the MSB output of the SAR,Am2502, to a logic 0 and sets all 
other parallel digital outputs to logic 1 levels. At the same 
time, the flip-flop istriggered, and its output provides the Ei5 
input with a logic 0 level. No current flows into the 10Eout- 
puts. This disconnects the converter fro·m the comparator 
inputs, and the incoming analog signal can be compared 
with the ground applied to the opposite comparator input. 
The resulting comparator output is fed to the Am2502 serial 
data input, D,through an exclusive-or gate.Atthe same time, 
the second input to the same exclusive-or gate is held at a 
logic 0 level by the additional successive approximation 
logic shown in Figure 3. This exclusive-or gate inverts the 
comparator's outputs whenever a negative signal polarity is 
detected. This maintains the proper output current coding, 
Le., all ones for full scale and all zeros for zero scale. 


(GROUNDED 
FOR 
SINGLE·ENDED r-- 


INPUTSl-.L 


-=- 
2.5k,Q 


The second clock pulse changes the Ei5 input back to a logic 
1 level because the CCsignal changed. It also clocks the D 
input signal ofthe Am2502 to its MSB output, and transfers it 
to the SB input ofthe Am6073. Depending upon the SB input 
level, current will flow into the 10EI+)or 10EI-)output of the 
Am6073. 


Nine clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6073 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the AiD system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6073 output currentto a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier's 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0,. sink current appears at the amplifier's 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (- 1 output ofthe Am6073. 
The resulting 
operational 
amplifier's 
output 
in Figure 1 
should ideally be symmetrical 
with 
resistors R1 and R2 


matched. 


In Figure 2,two operational amplifiers measure the currents 
of each of the four Am6073 analog outputs. Resistor toler- 
ances of 0.1%give 0.1%output measurement error (approx- 
imately 2p.Aat full scale).The input offset currents ofthe A1 
and A2 devices also increase output measurement error and 
this error is most significant near zero scale. The Am101A 
and 308 devices, for example, may be used for A1 and A2 
since their maximum offset currents, which would add di- 
rectly to the measurement error, are only 10nA and 1nA 
respectively. The input offset voltages of the A1 and A2 
devices, with output resistor values of 2.5kfl, also contribute 
to the output measurement error by a factor of 400nA for 


CLOCKI 


Am2502 
_ 


SUCCESSIVE APPROXIMATION 
CC 
REGISTER 
ISAR) 


1 
23 
456 
789 


'OE(+) 
fiB 
S8 
8, 
82 
83 
84 
85 
86 
8] 


Am6073 
VR (+) 


COMPANDING 
o TO A CONVERTER 


every mV of offset at the A1 and A2 outputs. Therefore, to 
minimize error, the offset voltages of Al and A2 should be 
nulled. 


The recommended operating range for the reference current 
IREFis from 0.1mA to 1.0mA. The full scale output current, 
IFs,is a linear function of the reference current, and may be 
calculated from the equation IFS= 3.94 IREF.This tight re- 
lationship between IREFand IFs alleviates the requirement 
for trimming 
the IREFcurrent if the RREFresistor values 


are within 
±1% of the calculated value. Lower values of 


'REFwill reduce the negative power supply current, (1- l, 
and will 
increase the reference amplifier 
negative com- 


mon mode input voltage range. 


The ideal value forthe reference current IREF= VREF/RREFis 
512p.A. The corresponding 
ideal full scale decode and en- 
code current values are 2016p.Aand 2048p.A.respectively. A 
percentage change from the ideal IREFvalue produced by 
changes in VREFor RREFvalues produces the same percen- 
tage change in decode and encode output current values. 
The positive voltage supply, V+, may be used, with certain 
precautions, for the positive reference voltage VREF'In this 
case, the reference resistor RREF(+)should be split into two 
resistors and their junction 
bypassed to ground 
with 
a 


capacitor of O.Olp.F.The total resistor value should provide 
the reference current IREF= 512p.A. The resistor RREF(-) 
value should be approximately equal to the RREF(+1value in 
order to compensate for the errors caused by the reference 
amplifier's 
input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1,2 and 3 is the application of a negative 
voltage to the VR(-l terminal through the resistor RREF(-l 
with the RREF(+1resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the VR(-) terminal while the reference current flows from 
ground through RREF(+1into the VR(+) terminal. 


The Am6073 has a wide output voltage compliance suitable 
for driving a variety of loads. With IREF= 512p.Aand V- = 
-15V, 
positive voltage compliance is +18V and negative 


Figure 4. Interfacing Circuits for ECl, CMOS,HTL, 
and NMOS Logic Inputs. 


voltage compliance is -5.0V. For other values of IREFand 
V-, the negative voltage compliance, VOC(-), may be calcu- 
lated as follows: 
Voc(-) 
= (V-) 
+ 2(1REFol.55kO) + 8.4V, 


where 1.55kOand 8.4V are equivalent worst case values for 
the Am6073. 


The following table contains VOC(-)values for some specific 
V-, 
IREF,and IFSvalues. 


Negative 
Output 
Voltage 
Compliance 
VOCI _ ) 


IREF(IFS) 


V- 
256p.A 
512p.A 
1024p.A 


11mA) 
12mA) 
14mA) 


-12V 
-2.8V 
-2.0V 
-0.4V 


-15V 
-5.8V 
-5.0V 
-3.4V 


-18V 
-8.8V 
-8.0V 
-6.4V 


The VLCinput can accommodate various logic input switch- 
ing threshold voltages allowing the Am6073 to interface with 
various logic families. This input should be placed at a poten- 
tial which is 1.4V below the desired logic input switching 
threshold. Two external discrete circuits which provide this 
function for non-TTL driven inputs are shown in Figure 4. For 
TTL-driven logic inputs, the VLCinput should be grounded. If 
negative voltages are applied at the digital logic inputs, they 
must have a value which is more positive than the sum ofthe 
chosen V- 
value and +10V. 


With a V- 
value chosen between 
-15V 
and -llV, 
the 


VOC(-l, the iflput reference common mode voltage range, 
and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between -15V and the 
V- 
value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
ence amplifier common mode positive voltage range and the 
VLCinput values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. 


OUTPUT 
VOLTAGE 
(VI 


INPUT 
CODE 


(E/D. 
SB. B, •.. 
'. B71 
"A" 
"B" 
"c" 
DIFF 


10' 
111 
1111 
a 


101101111 
+5.00 
N/A 
NIA 
NIA 


100000000 
+10.00 


011111111 
-5.00 
+5.00 
-10.00 


01 
1101111 
+0.00 
+5.00 
-5.00 


01 000 0000 
N/A 
+5.00 
+5.00 
a 


00 000סס oo 
+5.00 
+5.00 
a 


001101111 
+5.00 
"'.00 
+5.00 


00111 
1111 
+5.00 
-5.00 
+10.00 


Notes: 2. 
Set the voltage" 
A" to the desired logic input switching threshold. 


3. 
Allowable 
range of logic threshold 
is typically 
-5 
V to +13.5 V when operating 
the companding 
DAC on +15 V supplies. 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


CHORD (C) 


0 
1 
2 
3 
4 
5 
6 
7 


STEP (S) 
000 
001 
010 
011 
100 
101 
110 
111 


0 
0000 
1 
33 
66 
132 
264 
528 
1056 
2112 


1 
0001 
3 
35 
70 
140 
280 
560 
1120 
2240 


2 
0010 
5 
37 
74 
148 
296 
592 
1184 
2368 


3 
0011 
7 
39 
78 
156 
312 
624 
1248 
2496 


4 
0100 
9 
41 
82 
164 
328 
656 
1312 
2624 


5 
0101 
11 
43 
86 
172 
344 
688 
1376 
2752 


6 
0110 
13 
45 
90 
180 
360 
720 
1440 
2880 


7 
0111 
15 
47 
94 
188 
376 
752 
1504 
3008 


8 
1000 
17 
49 
98 
196 
392 
784 
1568 
3136 


9 
1001 
19 
51 
102 
204 
408 
816 
1632 
3264 


10 
1010 
21 
53 
106 
212 
424 
848 
1696 
3392 


11 
1011 
23 
55 
110 
220 
440 
880 
1760 
3520 


12 
1100 
25 
57 
114 
228 
456 
912 
1824 
3648 
13 
1101 
27 
59 
118 
236 
462 
944 
1888 
3776 
14 
1110 
29 
61 
122 
244 
488 
976 
1952 
3904 


15 
1111 
31 
63 
126 
252 
504 
1008 
2016 
4032 


STEP SIZE 
2 
2 
4 
8 
16 
32 
64 
128 


The normalized decode current, (lc,s), where C is chord number and 5 is step number, is calculated 
using: Ics = 2c(5 + 16.5) for C '" 1, and Ic.s = 25 + 1 for C = O.The ideal decode current, (100), in /-LAis 
calculated using: 
100 = (lc,sJI7,1Slnorm.))oIFs(/-LA),where Ic•s is the corresponding 
normalized current. 
To obtain normalized encode values the corresponding 
normalized half-step value should be added to 


all entries in Table 3. 


Table 4 
Decoder Step Size Summary 


Step Size 
Step Size as 
Resolution 


Step Size 
Step Size 
Step Size 
in dB at 
a % of Reading 
8tAccuracy 


Normalized 
in J,LAwith 
as a % of 
Chord 
at Chord 
of Equivalent 


Chord 
to Full Scale 2016J,LAF. S. 
Full Scale 
Endpoints 
Endpoints 
Binary DAC 


0 
2 
1.0 
0.05% 
0.58 
6.45% 
Sign + 11 Bits 


1 
2 
1.0 
0.05% 
0.28 
3.17% 
Sign + 11 Bits 


2 
4 
2.0 
0.1% 
0.28 
3.17% 
Sign + 10 Bits 


3 
8 
4.0 
0.2% 
0.28 
3.17% 
Sign + 
9 Bits 


4 
16 
8.0 
0.4% 
0.28 
3.17% 
Sign + 
8 Bits 


5 
32 
16.0 
0.8% 
0.28 
3.17% 
Sign + 
7 Bits 


6 
64 
32.0 
1.6% 
0.28 
3.17% 
Sign + 
68its 


7 
128 
64.0 
3.2% 
0.28 
3.17% 
Sign + 
5 Bits 


Table 5 
Decoder Chord Size Summary 


Chord Endpoints 
Chord Endpoints 
Chord Endpoints 
Chord Endpoints 


Normalized 
in /-LAwith 
as a % 
in dB Down 


Chord 
to Full Scale 
2016/-LAF. S. 
of Full Scale 
from Full Scale 


0 
31 
15.5 
0.77% 
-42.28 


1 
63 
31.5 
1.56% 
-36.12 


2 
126 
63.0 
3.13% 
-30.10 


3 
252 
126.0 
6.25% 
-24.08 


4 
504 
252.0 
12.5% 
-18.06 


5 
1008 
504.0 
25.0% 
-12.04 


6 
2016 
1008.0 
50.0% 
-6.02 


7 
4032 
2016.0 
100% 
0 


±10V 
RANGE 
ENCODER/DECODER 


CONNECTIONS 


COMPLIANCE 
EXTENSION 


USING 
AC COUPLED 
OUTPUT 


IDEAL 
VALUES: 


IREF = 512jlA 


IFS = 2016jlA 


'REF 
= VIN!RIN 
+ VREF!RREF+ 
IFS ~ 4(1REF) 


RREF- 
~ [(RREF+)(RIN)]/(RREF+ 
+ RINI 


IREF = (VREF 
- 
VINI!RREF+ 
IFS ~ 4(1REF) 


LOGARITHMIC 
DIGITAL 
GAIN 
CONTROL 


(Notes 4, 5) 


V'N -'=\:T -1 


tS.OV 
INPUT 


Notes: 4. 
Low distortion 
outputs are provided over 62dB 
range. 


5. 
Up to 4 channels of output 
may be selected by E!D and S6 logic inputs. 


1.0 
II I I 


+4 
... 


I 
0.5 
+2 


z 
See Note 8 
" 


0 
'li 
0 
;:: 
0.2 
E 
a: 
I 
-2 
I 
0 
0.1 
•... 


S~~~\S~~~~L 
..-::: 


•... 


:;; 
0.05 
~ 
-4 
:'i 
0 
•... 
a: 
::> 
ImIMlllln'I'lII- 
" 
0 
-6 
a: 


Z 
::> 
0.02 
w 
-8 
" 
0 
> 
II 
1I11I11111 


•... 
:; 
0.01 
;:: 
~ 
a: 
~ 


-10 
" 


LARGE 
SIGNAL,/ 
•... 


J: 0.005 
-12 
(SLEW 
RATE 
LIMITED) 
::> 
~ 
LARGE 
SIGNAL 
a: 
0 


" 


INPUT 
+5V PEAK 
-14 
SV PEAK 
b 0.002 
150% MOOUlATION) 
150% MOOUl,AT',~,N) 


I- 0.001 
-16 
10 
100 
1.01< 
10k 
lOOk 
100 
lk 
101< 
lOOk 
1M 
10M 


FREQUENCY 
- 
Hz 
FREQUENCY 
- 
Hz 


Reference 
Amplifier 


Total Harmonic 
Distortion 


Versus Frequency 
(80kHz 
Filter) 


(Notes 6, 7, 8) 
Reference 
Amplifier 
Input 
Frequency 
Response 


Power Supply 
Currents 
Power Supply 
Currents 


Versus Power Supply 
Voltages 
Versus Temperature 


8.0 


I 
I 
I 


8.0 


1 


" 
" 
E 
7.0 
I 
V$.V, 
__ 
E 
7.0 
I-- 


I 
I 
•... 
6.0 
•... 
6.0 


:'i 
:'i 


::: 
5.0 
a: 
5.0 
a: 


::> 
::> 
'FS '" 2.0mA 
" 
4.0 
" 
4.0 


~ 
3.0 
I+vs.V+-- 
~ 
3.0 
.+- 


Ol 
Ol 
a: 
2.0 


All 
BITS "HIGH" 
OR1"Lbw·.I 
__ 


a: 
2.0 
~ 
~ 


ALL 
BITS "HIGH" 
OR "LOW" 
- 
:r 
1.0 
:r 
1.0 
'FS 
=: 2.0mA 
V+ '" +15V, v- '"-15V 


0 
0 


0 
2.0 4.0 6.0 8.0 10 
12 
14 
16 
18 20 
-75 
-50 
0 
50 
100 
150 


POSITIVE 
OR NEGATIVE 
POWER SUPPLY - 
V 
TEMPERATURE 
_ °c 


Bit Transfer 
Characteristics 


(Note 10) 


0.35 


IR~F 
= a.SmA 
I I 
I I 
0.30 
I 
" 
E 
61 
I 
0.25 
0.244 
•... 
:'i 
0.20 
a:a: 
::> 
0.15 
" 
•... 


V- 
=: -15V 
~ 0.10 
•... 


\y,'-12V 
::> 
62 
0 
0.05 
0.055 
ll'" 
83 


0.023 


0 
II 


-12 
-8 
-4 
0 
4 
8 
12 
16 


lOGIC 
INPUT 
VOL lAGE 
- 
V 


Logic Input Current 
Versus Input Voltage 
and Logic Input Range 
(Note 11) 


" 
30 
I I I I II 


E 
I 


1 


'REF"" 
a.SmA 
'"~ 


I 
V-z-15V 
•...- 
•... 
20 
VLC" 
OV 
:'i 
:'i 
a: 
a: 
a: 
a: 
::> 
::> 


10 
" 
" 


w 
•... 
~ 
~ 
" 
;:: 
II 
~~ 
" 
5.0 
~ 
" 
ii' 
g 
•...~ 
0 
•... 
::> 
-12 
-8 
-4 
0 
4 
8 
12 
16 
0 


LOGIC 
INPUT 
VOLTAGE 
- 
V 


Reference 
Amplifier 


Input Common-Mode 
Range 


(Note 9) 


V+ '" +15V 


'REF"" 
a.SmA I 


I 
I 


0.8 
I 


0.4 


IREF,=0.25mA-l~ 
or 
I 
I 


I I 
I 
I 


Output 
Current 
Versus 


Output 
Voltage 


(Output 
Voltage Compliance) 


4.4 


I 
I 
I 
4.0 


" 
3.6 
II 
I 
! 
'REF'" 
1.0mA 


E 
I 
I 
I 
I 
I 
I 
I 
3.2 
TA'" 
TM1N toTMAX 
I 
I 
•... 


2.8 
V- 
'= -15V 
:'i 
I 
I 
a: 
2.4 
a: 
IREF '" 0.5mA 
::> 
2.0 
" 
I 
I 
•... 
1.6 
~ 


I~EF 
'0.25mA 
•... 
1.2 


::>0 
0.8 


0.4 
0 
I 
I 


0 
I 
I 


-14 
-10 
-6 
-2 
2 
6 
10 
14 
18 


OUTPUT 
VOLTAGE 
- 
V 


Output 
Full Scale Current 


Versus Reference 
Input Current 


5.0 
" 
./ 


./ 
/ 
/ 
/ 


1.0 
V 
/ 
0/ 
o 


Notes: 
6. THO is nearly independent 
of the logic input code. 
7. Similar 
results are obtained 
for a high input impedance 
connection 
using VR(-) 
as an input. 
8. Increased distortion 
above 50kHz is due to a stew rate limiting 
effect which determines 
the large signal bandwidth. 
For an input of ::!::2.5Vpeak (25% 


modulation), 
the bandwidth 
is 100kHz. 


9. Positive common 
mode range is always (V+) -1.5V. 
10. All bits are fully switched 
with less than a half step error at switching 
points which are guaranteed 
to lie between 0.8V and 2.0V over the operating 


temperature 
range. 
11. The logic input voltage 
range is indep~ndent 
of the positive 
power supply and logic inputs 
may swing above the supply. 


ANALOG 
r@J 


NPUT 


XMT 
FILTER 


I 
I 


I 


~ 


I 


1. To perform 
a transmit 
operation 
cycle the START pulse 
must 
be held low for one clock cycle; 
the receive 
opera- 


tion 
is performed 
without 
the successive 
approximation 


register, 
SAR. 
2. XMT and RECEIVE command 
signals 
are mutually 
exclu- 


sive. 


3. 
Duration 
of 
the 
RECEIVE 
command 
signal 
must 


accommodate 
the Am6073 
settling 
time 
plus 
the sam- 


pling 
time 
required 
by the 
sample 
and 
hold, 
(S & H). 


circuit 
used at the CODEC's analog 
output. 
The receiving 


data must 
not change 
during 
this time. 


4. A XMT command 
signal 
must 
be issued 
after a high-to- 


low transition 
of the CONVERSION 
COMPLETE, 
CC, sig- 


nal. 
Its duration 
depends 
on the time 
required 
by the 


digital 
time 
division 
switch 
circuitry 
to sample 
the 8-bit 


parallel 
transmit 
data bus. 


5. Data conversion 
for a transmit 
operation 
is completed 
in 9 


clock cycles 
because the SAR must 
be initialized 
before 


every 
new conversion. 
Data conversion 
for a receive 
op- 


eration 
corresponds 
to the Am6073 
settling 
time; 
the re- 
ceiving 
and transmit 
data transfers 
can be done 
simul- 
taneously 
by employing 
separate 
transmit 
and 
receive 


data buses and utilizing 
data storage 
devices 
for the re- 
ceive data. 


6. 
A sample 
command 
pulse for a transmit 
operation 
can 
coincide 
with 
the START pulse; 
its duration 
depends 
on 
the sample 
and hold circuit 
used at the CODEC's analog 
input. 
7. A sample command 
pulse for a receive operation 
must be 


delayed 
from 
a low-to-high 
transition 
of the 
RECEIVE 


command 
signal 
by an amount 
equal to the Am6073 
set- 


tling time. 
Its termination 
can coincide 
with 
a high-to-Iow 


transition 
of the RECEIVE command 
signal. 


8. The code assignment 
for outgoing 
or incoming 
parallel 


data 
provides 
uncomplemented 
binary 
values 
for 
sig- 


nal 
sign 
and 
magnitude. 
The 
data 
bus, 
as a result, 


yields 
"high 
zeros" 
density 
for small 
signal 
amplitudes. 


1. Before 
beginning 
either 
a transmit 
or a receive 
operation, 
the START 
signal 
must be held low for one complete 
clock 


cycle. 


2. XMT 
and 
RECEIVE 
command 
signals 
are 
mutually 
exclu- 


sive. 
Their 
durations 
must 
accommodate 
the time 
required 


for conversion 
of an outgoing 
or an incoming 
series 
of 8 di- 
gital bits, respectively. 
3. Data conversion 
for either 
operation, 
transmit 
or receive, 
is 


completed 
in 9 clock cycles. 


4. During 
the 
receive 
cycle 
the successive 
approximation 
re- 


gister, 
SAR, 
is acting 
as a serial-in 
to parallel-out 
shift 
re- 


00iiNfRSi0N 


Am2502 
_ 
~ 


SUCCESSIVE 
APPROXIMATION 
CC 


REGISTER 
(SAR) 
2 i 


LSB 
L 


gister, 
with data supplied 
from data storage 
devices. 


5. A sample 
command 
pulse 
for a transmit 
cycle 
must 
be is- 


sued 
before 
a XMT 
command 
signal; 
its duration 
depends 
on the sample 
and hold, S & H, circuit 
used. 


6. A sample 
command 
pulse 
for a receive 
cycle 
must 
be de- 


layed 
by a time 
equal 
to the Am6073 
settling 
time 
after 
a 
high-to-Iow 
transition 
of the 
CONVERSION 
COMPLETE, 


CC, signal 
occurs. 


7. 
The code 
assignment 
for 
outgoing 
or incoming 
parallel 
data 
provides 
uncomplemented 
binary 
values 
for 
sig- 
nal 
sign 
and 
magnitude. 
The 
data 
bus, 
as 
a result, 


yields 
"high 
zeros" 
density 
for 
small 
signal 
amplitudes. 


TIME· 


DIVISION 


MUX 
$WITCH 


CCITT A-LAW 
SPECIFICATION 
(MAXIMUM) 


-- 


Am607~I 
SPECIFICATION 
(MAXIMUM) 


I 
I 


(Hp·200cD 


OSCILLATOR 


OR EQUIVALENT) 


The Am6073 has a negligible idle channel noise contribution_ Signal-to-quantizing-distortion 
ratio, (SID), 
is guaranteed to exceed the minimum 
values specified for PCM channels at audio frequencies as 


follows: 


Input Level 1020 Hz Sinewave 
SID, C-MessageWeighting 


o to -30 dBmo 
33 dB 


At -40 dBmo 
27 dB 


At -45 dBmo 
22 dB 


., 


~ 
82 


~ 
81 


~ 
~ 
, 


., 
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Eli> 


18 
v+ 


11 
'00(_1 


16 
1001+1 


15 
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14 
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Am6080 
Microprocessor 
System Compatible 
8-Bit High Speed Multiplying 
D/A Converter 


DISTINCTIVE 
CHARACTERISTICS 


• 
8-Bit D/A with 8-Bit input data latch 
• 
Compatible with most popular microprocessors including the 
Am9080A-4 and the Am2900 


• 
Write, Chip Select and Data Enable logic on chip 


• 
DAC appears as memory location to microprocessor 


• 
MSB inversion under logic control 


• 
Differential current output 


• 
Choice of 6 coding formats 


GENERAL 
DESCRIPTION 


The Am6080 is a monolithic 8-bit multiplying Digital-to-Analog 
converter with an 8-bit data latch, chip select and other control 
signal lines which allow direct interface with microprocessor 
buses. 


The converter allows a choice of 6 different coding formats. The 
most significant bit (D7) can be inverted or non-inverted under the 
control of the code select input. The code control also provides a 
zero differential current output for 2's complement coding. A high 
voltage compliance, complementary current output pair is pro- 
vided. The data latch is very high speed which makes the 
Am6080 capable of interfacing with high speed microprocessors. 


Monotonic multiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within ± 1 LSB 


• 
Fast settling current output -160ns 


• 
Nonlinearity to ±0.1% max over temperature range 


• 
Full scale current pre-matched to ± 1 LSB 


• 
High output impedance and voltage compliance 


• 
Low full scale current drift - 
±5ppm;oC 


• 
Wide range multiplying capability -2.0MHz 
bandwidth 
• 
Direct interface to TTL, CMOS, NMOS 


• 
High speed data latch - 80ns min write time 


between reference and full scale current eliminates the need for 
full scale trimming in most applications. 


The Am6080 guarantees full8-bit monotonicity. Nonlinearities as 
tight as 0.1% over the entire operating temperature range are 
available. Device performance is essentially unchanged over the 
full power supply voltage and temperature range. 


Applications for the Am6080 include microprocessor compatible 
data acquisition systems and data distribution systems, 8-bit AID 
converters, servo-motor and pen drivers, waveform generators, 
programmable attenuators, analog meter drivers, programmable 
power supplies, CRT display drivers and high speed modems. 


CONNECTION 
DIAGRAM 


Top 
View 


CODE SELECT , 
20 POSITIVE POWER SUPPLY 


(MSB) 07 INPUT 
2 
19 OUTPUT 


06 INPUT 3 
18 OUTPUT 


Os INPUT 
4 
17 NEGA nVE 
POWER SUPPLY 


'0 
0.• INPUT 5 
16 COMPENSATION 


03 
INPUT 
6 
15 NEGATIVE 
REFERENCE 


02 INPUT 7 
14 POSITIVE REFERENCE 


10 
0, INPUT 8 
13 DATA LATCH ENABLE 


(LSB) Do INPUT 
9 
12 
WRITE 


GND 10 
11 CHIP SELECT 


Package 
Type 
Temperature 
Range 
Order 
Number 


Hermetic 
- 55°C to + 125°C 
.1% 
Am6080ADM 
DIP 
.19% 
Am6080DM 


Hermetic 
.1% 
Am6080ADC 
DIP 
.19% 
Am6080DC 


Molded 
O°Cto +70°C 
Am6080APC 
.1% 


DIP 
.19% 
Am6080PC 


Operating 
Temperature 
Power 
Supply 
Voltage 
±1BV 


Am60BOADM, 
Am60BODM 
-55°C 
to + 125°C 
Logic 
Inputs 
-5V 
to +1BV 


Am60BOADC, 
Am60BODC 
Analog 
Current 
Outputs 
-12V 
to +1BV 


Am60BOAPC, 
Am60BOPC 
O°C to +70°C 
Reference 
Inputs 
(V14V15) 
V- 
to V+ 


Storage 
Temperature 
-65°C 
to +150°C 
Reference 
Input Differential 
Voltage 
(V14 to V15) 
±1BV 


Lead Temperature 
(Soldering, 
60 sec) 
300°C 
Reference 
Input Current 
(114) 
1.25mA 


These 
specifications 
apply for V+ = +5V, 
V_ = -15V, 
IREF = 0.5mA, 
over the operating 
temperature 
range unless otherwise 
specified. 


Output 
characteristics 
refer to all outputs. 


Am6080A 


Typ. 


Am6080 


Typ. 


Resolution 
8 
8 
8 
8 
8 
8 
bits 


Monotonicity 
8 
8 
8 
8 
8 
8 
bits 


D.N.L. 
Differential 
- 
- 
±0.19 
- 
- 
±0.39 
%FS 
Nonlinearity 


N.L. 
Nonlinearity 
- 
- 
±0.1 
- 
- 
±0.19 
%FS 


VREF = 10.000V 


IFS 
Full Scale Current 
R14 = R15 = 20.000ko. 
1.984 
1.992 
2.000 
1.976 
1.992 
2.008 
mA 


TA = 25°C 
. 


- 
±5 
±20 
- 
±10 
±40 
ppm/oC 
TCIFS 
Full Scale Tempeo 
.0005 
±.002 
.001 
±.004 
%FS/oC 
- 
- 


Voc 
Output Voltage 
-10 
- 
+18 
-10 
- 
+18 
Volts 
Compliance 


Full Scale 
- 
IJ-A 
IFSS 
Symmetry 
IFS1 - 
IFS1 
- 
±0.1 
±1.0 
- 
±0.2 
±2.0 


Izs 
Zero Scale Current 
- 
0.01 
0.4 
- 
0.01 
0.8 
IJ-A 


Reference Current 
V- 
= -5V 
0 
0.5 
0.55 
0 
0.5 
0.q5 
IRR 
Range 
mA 


V- 
= -15V 
0 
0.5 
1.1 
0 
0.5 
1.1 


V1L 
Logic 
I Logic "0" 
- 
- 
0.8 
- 
- 
0.8 


Input 
I Logic "1" 


Volts 
VIH 
Levels 
2.0 
- 
- 
2.0 
- 
- 


IIN 
Logic Input Current 
V1N = -5V 
to +18V 
- 
- 
40 
- 
- 
40 
IJ-A 


VIS 
Logic Input Swing 
V- 
= -15V 
-5 
- 
+18 
-5 
- 
+18 
Volts 


115 
Reference Bias 
- 
-0.5 
-2.0 
-0.5 
-2.0 
IJ-A 
Current 
- 


dlld1 
Reference Input 
R14(EQ) = 8000. 
4.0 
8.0 
- 
4.0 
8.0 
- 
mNlJ-s 
Slew Rate 
CC = OpF 


PSSIFS+ 
Power Supply 
V+ = +4.5V to +5.5V, V- 
= -15V 
- 
±0.0003 
±0.01 
- 
±0.0005 
±0.01 


%FS 
PSSIFS_ 
Sensitivity 
V- 
= -13.5V 
to - 
16.5V, V+ 
= +5V 
- 
±0.0005 
±0.01 
- 
±0.OO05 
±0.01 


V+ 
Power Supply 
4.5 
- 
18 
4.5 
- 
18 
IREF = 0.5mA, VOUT = OV 
Volts 
V- 
Range 
-18 
- 
-4.5 
-18 
- 
-4.5 


1+ 
- 
9.8 
14.7 
- 
9.8 
14.7 


1- 


V+ = +5V, V- 
= -5V 
- 
-7.4 
-9.9 
- 
-7.4 
-9.9 


1+ 
Power Supply 
- 
9.8 
14.7 
- 
9.8 
14.7 


V+ = +5V, V- 
= -15V 
mA 
1- 
Current 
- 
-7.4 
-9.9 
- 
-7.4 
-9.9 


1+ 
9.8 
14.7 
- 
9.8 
14.7 


1- 


V+ 
= +15V, V- 
= -15V 
- 
-7.4 
-9.9 
- 
-7.4 
-9.9 


V+ = +5V, V- 
= -5V 
- 
86 
123 
66 
123 
Power 
Po 
Dissipation 
V+ = +5V, V- 
= -15V 
- 
160 
222 
- 
160 
222 
mW 


V+ = +15V, V- 
= -15V 
- 
258 
369 
- 
258 
369 


CS 
Chip 
Select 
- 
This 
active 
low 
input 
signal 
enables 
the 
Am6080. 
Writing 
into the 
data 
latch 
occurs 
only 


when 
the device 
is selected. 


DE 
Data 
Latch 
Enable 
- 
This 
active 
low 
input 
is used 
to enable 
the 
data 
latch. 
The 
CS, 
DE, 
and 
W must 


be active 
in order 
to write 
into the data 
latch. 


CODE 
Code 
Select 
- 
When 
CODE 
SEL = 0, the MSB (07) is 


SEL 
inverted 
and 
1 LSB 
balance 
current 
is added 
to the 


iQ output. 


VREF(+l 
Positive 
and 
negative 
reference 
voltage 
to 
the 
ref- 


VREF(-l 
erence 
bias 
amplifier. 
These 
differential 
inputs 
allow 


the use of positive, 
negative 
and bipolar 
references. 


COMP 
Compensation 
- 
Frequency 
compensating 
terminal 


for the reference 
amplifier. 


10• 10 
These 
are high impedance 
complementary 
current 
out- 


puts. The sum of these 
currents 
is always 
equal to IFS 


Symbol 
Function 


00.07 
00-07 
are the 
input 
bits 
1-8 to the 
input 
data 
latch. 


Data 
is transferred 
to the 
data 
latch 
when 
CS, 
DE, 
and 
Ware 
active 
and 
is latched 
when 
any 
of the 


enable 
signals 
go inactive. 


W 
Write 
- 
This 
active 
low 
control 
signal 
enables 
the 


data 
latch 
when 
the CS and 
DE inputs 
are active. 


DATA 
LATCH 
CONTROL 


CS 
W 
DE 
Data 
Latch 


0 
0 
0 
Transparent 


X 
X 
Latched 


X 
1 
X 
Latched 


X 
X 
Latched 


X = Don't Care 


CODE 
SELECT 


CODE 
SEL 
Function 
I 
0 
I 
MSB Inverted (Note 1) 
I 
I 
1 
I 
MSB Non-inverted 
I 


AC CHARACTERISTICS 
V+ = +5V, 
V_ = -15V, 
IREF = 0.5mA, 
RL < 500n, 
CL < 15pF 
over 
the operating 
temperature 
range 
unless 
otherwise 
specified 


Commercial 
Military 


Temp. 
Grades 
Temp. 
Grades 


Parameter 
Description 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Unit 


ts 
Settling Time, All Bits Switched 
TA = 25°C 
160 
160 
ns 
Settling to ± V2LSB 


tPLH 
Propagation 
I 
Each bit 
TA 
~ 25°C 
80 
160 
80 
160 


Delay 
I 
All bits switched 
50'* 
to 50'* 


ns 
tpHL 
80 
160 
80 
160 


tOH 
Data Hold Time 
See timing diagram 
10 
-30 
10 
-30 
ns 


tos 
Data Set Up Time 
See timing diagram 
80 
35 
100 
35 
ns 


tow 
Data Write Time 
See timing diagram 
80 
35 
100 
35 
ns 


Notes: 
1. tow is the overlap ofW low, CS low, and DE low. All three signals must be low to enable the latch. Any signal going inactive latches the data. 
2. ts is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to within 


± 1/2 LSB. All bits switched on or off. 
3. The internal time delays from CS, Wand 
DE inputs to the enabling of the latches are all equal. 


OUTPUT'O 
V 


(NOTE 
2) iQ 
...•.•f-....- 
_ 


1. Reference current and reference resistor. 


There 
is a 1 to 4 scale up between 
the reference 
current 
(IREF) 


and the full scale output 
current 
(IFSl. If VREF = + 1OV and IFS 


= 2mA, 
the value 
of the 
R14 is: 


4 x 10 Volt 


R14 = 
2mA 
- 
20Kf1 


2. Reference amplifier compensation. 
For AC reference 
applications, 
a minimum 
value 
compensa- 


tion 
capacitor 
(Cel 
is 
normally 
used. 
The 
value 
of 
this 


capacitor 
depends 
on R1S' The minimum 
values 
to maximize 


bandwidth 
without 
oscillation 
are as follows: 


Table 2 


Compensation Capacitor 


(IFS = 2mA, 
IREF = a.SmA) 


RREF 
(kf1) 
Cc (pF) 


20 
100 


10 
50 


5 
25 


2 
10 


1 
5 


.5 
0 


Reference Amplifier 
Frequency Response 


CD.., 
I•.. 
::>..•.. 
::> 
~ 
-2 


> 
~ 
_4 


..l 


W 
a: 
-6 


RAEF 
(EO) 
= 2k!l 


Cc 
"" 10pF 


4 X VAEF 
R14""-'F-S- 


R15· 
R14 


Output Voltage 


Compliance 


Positive 
Reference 
VR+ 
OV 
N/C 
.01!LF 
VR+/R14 


Negative 
Reference 
OV 
VR- 
N/C 
.01!LF 
-VR-/R14 


Lo Impedance 
Bipolar 
VR+ 
OV 
VIN 
(Note 1) 
(VR+/R14) 
+ (VIN/R1N) 


Reference 
(Note 2) 


Hi Impedance 
Bipolar 


VR+ 
VIN 
N/C 
(Note 1) 
(VR+ - 
V1N)/R14 


Reference 
(Note 3) 


Pulsed 
Reference 
(Note 4) 
VR+ 
OV 
VIN 
No 
(VR+/R14) 
+ (VIN/R1N) 
Cap 


Notes: 
1. The compensation 
capacitor is a function of the impedance seen at the +VREF input and must be at least C = 5pFX R14(eQ) 
in 
kO. For R14 < 8000 
no capacitor is necessary. 
2. 
For negative 
values of VIN, VR+/R14 
must be greater than -V'N 
Max/R'N 
so that the amplifier 
is not turned oil. 
3. For pOSitive values of VIN, VR+ must be greater 
than V1N Max so the amplifier 
is not turned 
oil. 


4. For pulsed operation, VR+ provides a DC ollset and may be set to zero in some cases. The impedance at pin 14 should be 800n or less 


and an additional resistor may be connected from pin 14 to ground to lower the impedance. 


CODE 
SEl 
~ 
SKn 


+10V 
20K 


REF 
VREFI+) 


R,. 


Am6080 
Your 
20K 
VREF(-) 


R,s 


0, 
DO 


L 
-= 
R, 


1 


SKn 


OPTIONAL 
(NOTE 
1) 


MSB 
LSB 
-= 
L1C-068 


CODE 
FORMAT 
CODE 
CONNECTIONS 
OUTPUT 
SCALE 
OUT 
MSB 
lSB 
1, 
12 
VOUT 
SEl 
SEl 
D7 
D6 D5 D4 D3 D2 D1 
DO 
(mAl 
(mAl 


Positive full scale 
X 
1 
1 
1 
1 
1 
1 
1 
1 
1.992 
0 
9.960 


Positive full scale - 
LSB 
X 
1 
1 
1 , 
1 
1 
1 
0 
1.984 
0 
9.920 


Straight binary: one 
a-c 
Zero scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
0 
.000 
polarity with true input 
1 
b-e 
code, true zero output. 


UNIPOLAR 


Positive full scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
1.992 
0 
9.960 


Complementary 
binary: 
Positive full scale - 
LSB 
X 
0 
0 
0 
0 
0 
0 
0 
1 
1.984 
0 
9.920 
one polarity with 
a-e 
Zero scale 
X 
1 
1 
1 
1 
1 
1 
1 
1 
.000 
0 
.000 


complementary 
input 
1 
b-c 
code, true zero output. 


Positive full scale 
X 
1 
1 
1 
1 
1 
1 , 
1 
1.992 
.000 
9.960 


Straight offset binary: 
Positive full scale - 
LSB 
X 
1 
1 
1 
1 
1 
1 
1 
0 
1.984 
.008 
9.880 
offset half scale, 
a-c 
(+) Zero scale 
X 
1 
0 
0 
0 
0 
0 
0 
0 
1.000 
.992 
.040 


symmetrical 
about zero, 
1 
bod 
(-) 
Zero scale 
X 
0 
1 
1 
1 
1 
1 
1 
, 
.992 
1.000 
-.040 


no true zero output. 
Negative full scale - 
LSB 
X 
0 
0 
0 
0 
0 
0 
0 
1 
.008 
1.984 
-9.880 


Negative 
full scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
1.992 
-9.960 
SYMMETRICAL 


OFFSET 
Positive full scale 
9.960 
1's complement: 
X 
0 
1 
1 
1 
1 
1 
1 , 
1.992 
.000 
offset half scaH3. 
Positive full scale - 
LSB 
X 
0 
1 
1 
1 
1 
1 
1 
0 
1.984 
.008 
9.980 


symmetrical 
about zero, 
1 
a-c 
(+) Zero scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
1.000 
.992 
.040 


no true zero output 
(Note 1) 
bod 
(-) 
Zero scale 
X 
1 
1 
1 
1 
1 
1 
1 
1 
.992 
1.000 
-.040 


MSB complemented._ 
Negative 
full scale - 
LSB 
X 
1 
0 
0 
0 
0 
0 
0 
, 
.008 
1.984 
-9.880 


(need inverter at 07) 
Negative 
full scale 
X 
1 
0 
0 
0 
0 
0 
0 
0 
.000 
1.992 
-9.960 


Offset binary: 
Positive full scale 
X 
1 
1 
1 
1 
1 
1 
1 
1 
1.992 
.008 
9.920 
Positive full scale - 
LSB 
X 
1 
, 
1 
1 
1 
1 
1 
0 
1.984 
.016 
9.840 
offset half scale, 
+ LSB 
X 
1 
0 
0 
0 
0 
0 
0 
1 
1.008 
.992 
.080 
true zero output 
0 
a-c 
Zero scale 
X 
1 
0 
0 
0 
0 
0 
0 
0 
1.000 
1.000 
.000 
MSB complemented 
(Note 1) 
bod 
- 
LSB 
X 
0 
1 
1 
1 
1 
1 
1 
1 
1.992 
1.008 
-.080 


OFFSET 
remainder 
add to 10. 
Negative 
full scale + LSB 
X 
0 
0 
0 
0 
0 
0 
0 
1 
.008 
1.992 
-9.920 


WITH 


(need inverter at 07) 
Negative full scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
2.000 
-10.000 


TRUE 
Positive full scale 
X 
0 
1 
1 
1 
1 
1 
1 
1 
1.992 
.008 
9.920 


ZERO 
2's complement: 
Positive full scale - 
LSB 
X 
0 
1 
1 
1 
1 , 
1 
0 
1.984 
.016 
9.840 


offset half scale 
a-c 
+1 LSB 
X 
0 
0 
0 
0 
0 
0 
0 
1 
1.008 
.992 
.080 


true zero output 
0 
bod 
Zero scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
1.000 
1.000 
.000 


MSB complemented. 
-1 
LSB 
X 
1 
1 
1 
1 
1 
1 
1 
1 
.992 
1.008 
-.080 
Negative 
full scale + LSB 
X 
, 
0 
0 
0 
0 
0 
0 
1 
.008 
1.992 
-9.920 


Negative full scale 
X 
1 
0 
0 
0 
0 
0 
0 
0 
.000 
2.000 
-10.000 


Note 1: An external inverter is necessary 
since the code select inverts the MSB and adds a 1 LSB balance current to iQ_ Only one of these features is 
desired for this code. 


ADDITIONAL CODE MODIFICATIONS 


1. Any of the offset 
binary 
codes 
may 
be complemented 
by reversing 
the output 
terminal 
pair. 


WRITING DATA INTO THE Am6080 (2'5 Complement) 


PORT 1 
:EQU OOH OUTPUT PORT ADDRESS 


MOV A, M 
:GET DATA FROM MEMORY 


OUT 0 PORT1 
:SEND DATA 


1:8 
MUX 
ROY 
Am25S151 


(OMARa. 
INTRQ, 


ROY) 


ANALOG/DIGITAL CONVERTER UNDER 
SOFTWARE CONTROL 


SEQ 
SOURCE STATEMENT 
SEQ 
SOURCE STATEMENT 


o PORT1 
EQU OOH 
;6080 AlO PORT ADDRESS 
13 
IN PORT3 
;INPUT FROM COMP 
1 PORT3 
EQU 02H 
;COMPARATOR ADDRESS 
14 
CRA A 
;SET SIGN FLAG 
2 
ORG 3E50H 
15 
JM NEXT 
;1F SMALLER GO TO NEXT BIT 


3 START: 
LXI SP,STAKS-16 
;INITIAL STAKS POINTER 
16 
MOV D,E 
;SAVE RESULT 
4 SAMPLE: 
CALL ADCON 
;CALL AID CONVERSATION 
17 NEXT: 
MOV A,B 
;GET NEXT TRIAL BIT 
5 
JMP SAMPLE 
;NEXT SAMPLE 
18 
RAR 
;SHI FT RIGHT ONCE 


6 ADCON: 
XRA A 
:CLEAR ACC 
19 
RC 
;RETURN ON CARRY 


7 
MOV D,A 
;CLEAR 0 REG 
20 
MOV B,A 
;STORE TEST BIT 
8 
STC 
;SET CARRY 
21 
ADD 0 
;ACCUMULATE RESULT 
9 
RAR 
;SET BIT 7 TO 1 
22 
JMP LOOP 
;TRY NEXT BIT 


10 
MOV B,A 
;STORE TEST BIT AT B REGISTER 
23 STAKS: 
OS 16 


11 LOOP: 
MOV E,A 
;STORE TEST WORD 
24 
END START 


12 
OUT PORT1 
;OUTPUT TO AiD 


Instrumentation and Control 


Data Acquisition 
Data Distribution 
Function Generation 
Servo Controls 
Programmable Power Supplies 
Digital Zero Scale Calibration 
Digital Full Scale Calibration 
Digitally Controlled Offset Null 


Audio 


Music Distribution 
Digitally Controlled Gain 
Potentiometer Replacement 
Digital Recording 
Speech Digitizing 


Signal Processing 


CRT Displays 
IF Gain Control 
8 x 8 Digital Multiplication 
Line Driver 


AID Converters 


Ratiometric ADC 
Differential Input ADC 
Microprocessor Controlled ADC 


DIA Converters 


Single Quadrant Multiplying DAC 
Two Quadrant Multiplying DAC 
Four Quadrant MUltiplying DAC 


Am6081 


Microprocessor 
System Compatible 
a-Bit High Speed Multiplying 
D/A Converter 


DISTINCTIVE CHARACTERISTICS 


• 
8-Bit D/A with 8-Bit input data latch 
• 
Compatible 
with most popular microprocessors 
including 


the Am9080A-4 and the Am2900 
• Write, Chip Select and Data Enable logic on chip 
• 
DAC appears as memory location to microprocessor 


• 
MSB inversion under logic control 
• 
Differential current outputs 
• 
Output current mode multiplexer with logic selection 
• 
2-Bit status latch for output select and code select 
• 
Choice of 8 coding formats 


GENERAL DESCRIPTION 


The Am6081 is a monolithic 8-bit multiplying Digital-to-Analog 
converter with an 8-bit data latch, a 2-bit status latch, chip 
select and other control signal lines which allow direct inter- 
face with microprocessor buses. 


The converter allows a choice of 8 different coding formats. 
The most significant bit (D7) can be inverted or non-inverted 
under the control of the code select input. The code control 
also provides a zero differential current output for 2's com- 
plement coding. A pair of high voltage compliance, dual com- 
plementary 
current 
output 
channels 
is provided 
and 
is 


selected 
by the output status command. 
The output multi- 
plexer also allows analog bus connection of several convert- 
ers, range or output load selection, and time-shared operation 
between D/A and ND functions. The data and status latches 
are high speed which makes the Am6081 capable of interfac- 
ing with high speed microprocessors. The DE and SE control 
signals 
allow 
the data and status 
latches 
to be updated 


cs 
W 
DE 


SE 


VAEF1+l 
VREFI~} 


• 
Fast settling current output - 200ns 


• 
Nonlinearity to ±0.1% max over temperature range 


• 
Full scale current pre-matched to ± 1 LSB 


• 
High output impedance and voltage compliance 
• 
Low full scale current drift - 
±5ppmfC 


• 
Wide range multiplying capability -2.0MHz 
bandwidth 


• 
Direct interface to TTL, CMOS, NMOS 
• 
Output range selection with on chip multiplexer 
• 
High speed data latch - 80ns min write time 


Monotonic mUltiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within ±1 LSB 
between reference and full scale current eliminates the need 
for full scale trimming in most applications. 


The Am6081 guarantees full 8-bit monotonicity. Nonlinearities 
as tight as 0.1% over the entire operating temperature range 
are available. 
Device performance 
is essentially 
unchanged 
over the full power supply voltage and temperature range. 


Applications for the Am6081 include microprocessor compati- 
ble data acquisition 
systems and data distribution 
systems, 


8-bit ND converters, servo-motor and pen drivers, waveform 
generators, programmable attenuators, analog meter drivers, 
programmable power supplies, CRT display drivers and high 
speed modems. 


CONNECTION DIAGRAM 


Top View 


(MSBj 01 INPUT , 


D,INPVT 
3 


DslNPUT · 
101 
D_INPUT 
5 


lQ1 
OJ INPUT · 
°2IHPUT , 


102 
01 INPUT · 
IQ, 


(LS9) DO INPUT · 


Package 
Type 


ORDERING INFORMATION 


Temperature 
Range 


Order 
Number 


Hermetic 
-55°C to +125°C 
±.1% 
Am6081ADM 


DIP 
±.19% 
Am6081DM 


Hermetic 
±.1% 
Am6081ADC 


DIP 
±.19% 
Am6081DC 


Molded 
O°Cto +70°C 


±.1% 
Am6081APC 


DIP 
±.19% 
Am6081PC 


Symbol 
Function 


CS 
Chip Select - 
This active low input signal enables 
the Am6081. Writing into the data or status latches 
occurs only when the device is selected. 


DE 
Data Latch Enable - 
This active low input is used 


to enable the data latch. The CS, DE, and W must 
be active in order to write into the data latch. 


SE 
Status 
Latch Enable 
- 
This 
active 
high input is 


used to enable 
the status 
latches. 
The CS, SE, 
and W must be active 
in order to write 
into the 


status latches. 


W 
Write - 
This active low control signal enables the 


data and status latches when the CS, DE, and SE 
inputs are active. 


00.07 
00-07 are the input bits 1-8 to the input data latch. 
Data is transferred to the data latch when CS, DE, 
and Ware 
active and is latched when any of the 


enable signals go inactive. 


CODE 
Code Select - 
Input to the CODE SEL latch. The 


SEL 
latch is transparent 
when CS, SE and Ware 
ac- 


tive and is latched when any of the above signals 
go inactive. When CODE SEL latch = 0, the MSB 
(07) 
is inverted 
and 
1 LSB 
balance 
current 
is 


added to the iQ output. 


Output Select - 
Input to the OUT SEL latch. The 


latch is transparent 
when CS, SE and Ware 
ac- 


tive and is latched when any of the above signals 
go inactive. When the OUT SEL latch is low, the 
channel 
1 output pair (101, 
101) is selected. When 


the OUT SEL latch is high, the channel 
2 output 


pair (102, 102) is selected. 


VREF(+) Positive and negative reference voltage to the ref- 
VREF(-) 
erence bias amplifier. These differential inputs allow 
the use of positive, negative and bipolar references. 


COMP 
Compensation 
- 
Frequency compensating terminal 


for the reference amplifier. 


101.!Qj 
These 
high impedance 
current 
output 
pairs 
are 


102. 102 selected by the output select latch. 101 and 102 are 


true outputs 
and 101 and 1Q;" are complementary 


outputs. 


OUT 
SEL 


CODE SELECT AND 


OUTPUT SELECT 


CODE 
OUT 
SEL 
SEL 


STATUS LATCH CONTROL 


CODE SEL and 
CS 
W 
SE 
OUT SEL Latch 


0 
0 
0 
Transparent 


X 
X 
1 
Latched 


X 
1 
X 
Latched 


1 
X 
X 
Latched 


0 
0 
1 
Transparent 


X 
X 
0 
Latched 


X 
1 
X 
Latched 


1 
X 
X 
Latched 


0 
- 
MSB Inverted(Note 1) 


1 
- 
MSB Non-inverted 


- 
0 
OutputChannel1 


- 
1 
OutputChannel2 


X = Don't Care 


Note 1. 1LSB balancecurrentis addedto the iQ output. 


Operating Temperature 
Power Supply Voltage 
±18V 


Am6081 ADM, Am6081DM 
-55°C 
to +125°C 
Logic Inputs 
-5V 
to +18V 


Am6081 ADC, Am6081 DC 
Analog Current Outputs 
-12V 
to +18V 
Am6081 APC, Am6081 PC 
O°Cto +70°C 
Reference Inputs (V15, V16) 
V- 
to V+ 


Storage Temperature 
-65°C to +150°C 
Reference Input Differential Voltage (V15 to V16) 
±18V 


Lead Temperature (Soldering, 60 sec) 
300°C 
Reference Input Current (115) 
1.25mA 


Resolution 
8_b_it_s_l" 
Monotonicity 
8 bits 
------ 


Am6081 


ELECTRICAL 
CHARACTERISTICS 


These 
specifications 
apply 
for V + = +sv, V _ = -1SV, 
IREF = a.SmA, 
over the operating 
temperature 
range 
unless 
otherwise 
specified. 


Output 
characteristics 
refer to all outputs. 


Am6081A 


Typ. 


Am6081 


Typ. 


Resolution 
Straight codinglSign 
Magnitude 
B/9 
B/9 
B/9 
B/9 
B/9 
B/9 
bits 


Monotonicity 
Straight coding I Sign Magnitude 
B/9 
B/9 
B/9 
B/9 
B/9 
B/9 
bits 


D.N.L. 
Differential 
±0.19 
±0.39 
%FS 
Nonlinearity 
- 
- 
- 
- 


N.L. 
Nonlinearity 
- 
- 
±0.1 
- 
- 
±0.19 
%FS 


VREF = 10.000V 


IFS 
Full Scale Current 
R1S = R16 = 20.000ko. 
1.9B4 
1.992 
2.000 
1.976 
1.992 
2.00B 
mA 


TA = 25'C 


- 
±5 
±20 
- 
±10 
±40 
ppm/'C 
TCIFS 
Full Scale Tempco 
- 
±.0005 
±.002 
±.001 
±.004 
%FS/'C 


Voc 
Output Voltage 
-10 
- 
+1B 
-10 
- 
+1B 
Volts 
Compliance 


IFSS 
Full Scale 
IFs1 - ~ 
or IFS2 - 
IFS2 
±0.1 
±1.0 
±0.2 
±2.0 
IJ.A 
Symmetry 
- 
- 


loss 
Output Switch 
IFS1 - 
IFS2 or IFS1 - 
IFS2 
- 
±0.1 
±1.0 
- 
±0.2 
±2.0 
IJ.A 
Symmetry 


Izs 
Zero Scale Current 
- 
0.01 
0.4 
- 
0.01 
O.B 
IJ.A 


IDIS 
Output Disable 
Output of mpx "Off" Channels 
- 
0.01 
0.05 
- 
0.01 
0.05 
IJ.A 
Current 


Reference Current 
V- 
= -5V 
0 
0.5 
0.55 
0 
0.5 
0.55 
IRR 
Range 
V- 
= -15V 
mA 


0 
0.5 
1.1 
0 
0.5 
1.1 


VIL 
Logic 
I Logic "0" 
- 
- 
O.B 
- 
- 
O.B 
Input 
Volts 
VIH 
Levels 
I Logic "1" 
2.0 
- 
- 
2.0 
- 
- 


IIN 
Logic Input Current 
VIN = -5V 
to +1BV 
- 
- 
40 
- 
- 
40 
IJ.A 


VIS 
Logic Input Swing 
V- 
= -15V 
-5 
- 
+1B 
-5 
- 
+1B 
Volts 


116 
Reference Bias 
IJ.A 
Current 
- 
-0.5 
-2.0 
- 
-0.5 
-2.0 


dlldt 
Reference Input 
R1S(EQ) = 8000. 
4.0 
B.O 
- 
4.0 
B.O 
- 
mNlJ.s 
Slew Rate 
CC = OpF 


PSSIFS+ 
Power Supply 
V+ = +4.5Vto 
+5.5V, 
V- 
= -15V 
- 
±0.0005 
±0.01 
- 
±0.0005 
±0.01 


PSSIFS- 
Sensitivity 
V- 
= -13.5V 
to - 
16.5V, V+ = +5V 
%FS 
- 
±0.0005 
±0.01 
- 
±0.0005 
±0.01 


V+ 
Power Supply 
4.5 
- 
1B 
4.5 
- 
1B 
IREF = 0.5mA, Your 
= OV 
Volts 
V- 
Range 
-1B 
- 
-4.5 
-18 
- 
-4.5 


1+ 
- 
9.B 
14.7 
- 
9.B 
14.7 


1- 


V+ = +5V, V- 
= -5V 
- 
-7.4 
-9.9 
- 
-7.4 
-9.9 


1+ 
Power Supply 
- 
9.B 
14.7 
- 
9.8 
14.7 


1- 
V+ 
= +5V, V- 
= -15V 
mA 
Current 
- 
-7.4 
-9.9 
- 
-7.4 
-9.9 


1+ 
9.8 
14.7 
- 
9.B 
14.7 


1- 


V+ = +15V, V- 
= -15V 
- 
-7.4 
-9.9 
- 
-7.4 
-9.9 


V+ = +5V, V- 
= -5V 
- 
B6 
123 
- 
B6 
123 
Power 
PD 
Dissipation 
V+ = +5V, V- 
= -15V 
- 
160 
222 
- 
160 
222 
mW 


V+ 
= +15V, V- 
= -15V 
- 
25B 
369 
- 
25B 
369 


AC CHARACTERISTICS 
v+ 
= +5V, 
V_ = -15V, 
IREF = 0.5mA, 
RL < 5oon, 
CL < 15pF 
over 
the operating 
temperature 
range 
unless 
otherwise 
specified 


Commercial 
Military 


Temp. 
Grades 
Temp. 
Grades 


Parameter 
Description 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Unit 


ts 
Settling Time, All Bits Switched 
TA = 25'C 
200 
200 
ns 
Settling to ±V,LSB 


tpLH 
Propagation 
I 
Each bit 
TA = 25'C 
90 
180 
90 
180 
ns 
tpHL 
Delay 
I 
All bits switched 
50% to 50% 
90 
180 
90 
180 


los 
Output Switch Settling Time 
TA = 25'C 
250 
250 
ns 
to ±1/2LSB 
of IFS 


lop 
Output Switch Propagation 
TA = 25'C, 
150 
300 
150 
300 
ns 
Delay 
50% to 50% 


tOH 
Data Hold Time 
See timing diagram 
10 
-30 
10 
-30 
ns 


tos 
Data Set Up Time 
See timing diagram 
80 
35 
100 
35 
ns 


tow 
Data Write Time 
See timing diagram 
80 
35 
100 
35 
ns 


tSH 
Status Hold Time 
See timing diagram 
10 
-70 
10 
-70 
ns 


tss 
Status Set Up Time 
See timing diagram 
200 
100 
250 
100 
ns 


tsw 
Status Write Time 
See liming diagram 
200 
100 
250 
100 
ns EJ 


Notes: 
1. tow is the overlap of W low, CS low, and DE low. All three signals must be low to enable the latch. Any signal going inactive latches the data. 
2. ts is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to within 


±1/2 LSB. All bits switched on or off. 


3. tsw is the overlap of W low, CS low and SE high, all three signals must be active to enable the latch and any signal going inactive will latch 
the data. 


4. The internal time delays from CS, W, SE and DE inputs to the enabling of the latches are all equal. 


OUTPUT 
10 
)( 


(NOTE 2) iQ 
_ 
_ 


OUTPUT 
10 
K 


(NOTE 2) iQ 
~ 
_ 


1. 
Reference 
current 
and 
reference 
resistor 


There 
is a 1 to 4 scale up between 
the reference 
current 
(IREF) 


and the full scale output 
current 
(IFS)' If VREF = + 1OV and IFS 


= 2mA, 
the value 
of the 
R15 is: 


4x10Voit 


R15 = 
2mA 
20Kfi 


2. 
Reference 
amplifier 
compensation 


For AC reference 
applications, 
a minimum 
value 
compensa- 


tion 
capacitor 
(Cel 
is 
normally 
used. 
The 
value 
of 
this 


capacitor 
depends 
on R15. The minimum 
values 
to maximize 


bandwidth 
without 
oscillation 
are as follows: 


Table 
2 


Compensation 
Capacitor 


(IFS = 2mA, 
IREF = a.SmA) 


Reference 
Amplifier 


Frequency 
Response 


••.., 


I 
•... 
::l 
Q.•... 
::l0 
-2 
w>;:: -, 
:3wa: 
-6 


-8 
.01 


RREF {EOl 
'=" 2kO 


Cc = 10pF 


20 
100 


10 
50 


5 
25 


2 
10 


1 
5 


.5 
0 


VIN----or 


,. X VAEF 


R1S--'F-'- 


R16 
'" R15 


-2 
2 
6 
10 
14 
18 


OUTPUT 
VOLTAGE 
- 
VOL T$ 


Positive Reference 
VR+ 
OV 
N/C 
.Q1/LF 
VR+/R15 


Negative Reference 
OV 
VR- 
N/C 
.01/LF 
-VR-/R15 


Lo Impedance Bipolar 


VR+ 
OV 
V1N 
(Note 1) 
(VR+/R15) 
+ (VIN/R1N) 


Reference 
(Note 2) 


Hi Impedance Bipolar 


VR+ 
VIN 
N/C 
(Note 1) 
(VR+ - 
VIN)/R15 


Reference 
(NotE!3) 


Pulsed Reference (Note 4) 
VR+ 
OV 
VIN 
No 


(VR+/R15) 
+ (V1N/R1N) 
Cap 


Notes: 
1. The compensation capacitor is a function oftha impedance seen althe + VREF input and must be at least C = 5pF x R15{EQ) (in kO). For 


RT5 < Boon no capacitor is necessary. 


2. For negative values of V1N, VR+1R15 must be greater than -V1N Max/RIN so that the amplifier is not tumed off. 
3. For positive values of V1N, VR+ must be greater than V1N Max so the amplifier is not tumed off. 
4. For pulsed operation, 
VR+ provides a DC offset and may be set to zero in some cases. The impedance 
at pin 15 should be 
BOOn or less and an additional resistor may be connected from pin 15 to ground to lower the impedance. 


CODE 
SEL 


+10V 
20K 


VAEF(+1 
REF 
R" 


20K 


Am6081 


VAEFI-l 


RlO 


OPTIONAL 


(NOTE 
1) 


MSB 


CODE FORMAT 
CODE 
OUT 
CON- 
OUTPUT SCALE 
OUT MSB 
LSB 
11 
12 
VOUT 
SEL 
SEL 
NECTIONS 
SEL 
07 
06 05 04 03 02 01 
DO 
(mAl 
(mAl 


a-e 
Positive full scale 
X 
, 
1 
1 
1 
1 
1 
1 
1 
1.992 
0 
9.960 
0 
bog 
Positive full scale - 
LSB 
X 
1 
1 
1 
1 
1 
1 
1 
0 
1.984 
0 
9.920 
Straight 
binary: one 
Zero scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
0 
.000 
polarity with true input 
1 


code, true zero output. 
c-e 
1 
dog 


UNIPOLAR 


a-g 
Positive full scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
1.992 
0 
9.960 
Complementary 
binary: 
0 
b-e 
Positive full scale - 
LSB 
X 
0 
0 
0 
0 
0 
0 
0 
1 
1.984 
0 
9.920 
one polarity with 
Zero scale 
X 
1 
1 
1 
1 
1 
1 
1 
1 
.000 
0 
.000 
complementary 
input 
1 


code, true zero output. 
1 


c-g 
doe 


Positive full scale 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.992 
.000 
9.960 


Signed magnitude 
binary: 
Positive full scale - 
LSB 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1.984 
.000 
9.920 
8 bits + sign reflected 
1 
a-e 
(+) Zero scale 
1 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
.000 
.000 


code, overlapping 
c-f 
(-) 
Zero scale 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
.000 
.000 
true zero output. 
Negative 
full scale - 
LSB 
0 
1 
1 
1 
1 
1 
1 
1 
0 
.000 
1.984 
-9.920 


Negative 
full scale 
0 
1 
1 
1 
1 
1 
1 
1 
1 
.000 
1.992 
-9.960 
SIGNED 
MAGNITUDE 
Positive full scale 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1.992 
.000 
9.960 
Complementary 
signed 
Positive full scale - 
LSB 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1.984 
.000 
9.920 
magnitude: 


b-e 
(+) Zero scale 
1 
1 , 
1 , 
1 
1 
1 
1 
.000 
.000 
.000 
8 bits + sign complementary 
1 
(-) 
Zero scale 
0 
1 
1 
1 
1 
1 
1 
1 
1 
.000 
.000 
.000 
reflected 
code, overlapping 
d-l 
Negative full scale - 
LSB 
0 
0 
0 
0 
0 
0 
0 
0 
1 
.000 
1.984 
-9.920 
true zero output. 
Negative 
full scale 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
1.992 
-9.960 


a-e 
Positive full scale 
X 
1 
1 
1 
1 
1 
1 
1 
1 
1.992 
·.000 
9.960 


Straight offset binary: 
0 
b-t 
Positive full scale - 
LSB 
X 
1 
1 , 
1 
1 
1 
1 
0 
1.984 
.008 
9.880 


offset half scale, 
(+) Zero scale 
X 
1 
0 
0 
0 
0 
0 
0 
0 
1.000 
.992 
.040 


symmetrical 
about zero, 
1 
(-) 
Zero scale 
X 
0 
1 
1 
1 
1 
1 
1 
1 
.992 
1.000 
-.040 
no true zero output. 
c-e 
Negative full scale - 
LSB 
X 
0 
0 
0 
0 
0 
0 
0 
1 
.008 
1.984 
-9.880 
1 
d-t 
Negative full scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
1.992 
-9.960 


SYMMETRICAL 


OFFSET 
Positive full scale 
X 
9.960 
1's complement: 
a-e 
0 
1 
1 
1 
1 
1 
1 
1 
1.992 
.000 
offset half scale, 
0 
b-t 
Positive full scale - 
LSB 
X 
0 
1 
1 
1 
1 
1 
1 
0 
1.984 
.008 
9.980 
symmetrical 
about zero, 
1 
(+) Zero scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
1.000 
.992 
.040 
no true zero output 
(Note 1) 
(-) 
Zero scale 
X 
1 
1 
1 
1 
1 
1 
1 
1 
.992 
1.000 
-.040 


MSB complemented. 
1 
c-e 
Negative 
full scale - 
LSB 
X 
1 
0 
0 
0 
0 
0 
0 
1 
.008 
1.984 
-9.880 


(need inverter at 07) 
d-t 
Negative full scale 
X 
1 
0 
0 
0 
0 
0 
0 
0 
.000 
1.992 
-9.960 


Offset binary: 
Positive full scale 
X 
1 
1 
1 
1 
1 
1 
1 
1 
1.992 
.008 
9.920 
a-e 
Positive full scale ~ LSB 
X 
1 
1 
1 
1 
1 , 
1 
0 
1.984 
.016 
9.840 
offset half scale, 
0 
b-t 
0 
+ LSB 
X 
1 
0 
0 
0 
0 
0 
0 
, 
1.008 
.992 
.080 
true zero output 
Zero scale 
X 
0 
0 
0 
0 
0 
0 
0 
1.000 
1.000 
.000 
MSB complemented 
(Note 1) 
1 


remainder 
add to 10, 
c-e 
- 
LSB 
X 
0 
1 
1 
1 
1 
1 
1 
1 
1.992 
1.008 
-.080 


OFFSET 
1 
d-f 
Negative 
fult scale + LSB 
X 
0 
0 
0 
0 
0 
0 
0 
1 
.008 
1.992 
-9.920 
WITH 


(need inverter at 07) 
Negative full scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
.000 
2.000 
-10.000 


TRUE 
Positive full scale 
X 
0 
1 
1 
1 
1 
1 
1 
1 
1.992 
.008 
9.920 
ZERO 
0 
a-e 
Positive full scale - 
LSB 
X 
0 
1 
1 
1 
1 
1 
1 
0 
1.984 
.016 
9.840 
2's complement: 
b-t 
+1 LSB 
X 
0 
0 
0 
0 
0 
0 
0 
1 
1.008 
.992 
.080 
offset half scale 
true zero output 
0 
Zero scale 
X 
0 
0 
0 
0 
0 
0 
0 
0 
1.000 
1.000 
.000 


MSB complemented. 
c-e 
-1 
LSB 
X 
1 
1 
1 
1 
1 
1 
1 
1 
.992 
1.008 
-.080 


1 
d-t 
Negative 
full scale + LSB 
X 
1 
0 
0 
0 
0 
0 
0 
1 
.008 
'.992 
-9.920 
Negative full scale 
X 
1 
0 
0 
0 
0 
0 
0 
0 
.000 
2.000 
-10.000 


Note 1: An external inverter is necessary since the code select inverts the MSB and adds a 1 LSB balance current to iQ_ Only one of the two features 
is desired for these codes. 
ADDITIONAL 
CODE 
MODIFICATIONS 


1. Any of the offset binary codes may be complemented by reversing the output terminal pair. 
2. The sign on any of the sign-magnitude codes may be changed by reversing the output terminal pair. 
3_ The polarity of the unipolar codes may be changed by driving the opposite side of the balanced load. 


SELECT OUTPUT PORT 1 


MVI A, 2 
SET STATUS TO 0 (SELECT OUTPUT 
1) 


OUT 1 
SEND STATUS 
MOV A, M 
GET DATA FROM MEMORY 


OUT 0 
SEND DATA 


SELECT OUTPUT PORT 2 


MVI A, 3 
SET STATUS TO 1 (SELECT OUTPUT 2) 


OUT 1 
SEND STATUS 
MOV A,M 
GET DATA FROM MEMORY 


OUT 0 
SEND DATA 


SELECT OUTPUT PORT 2 AND 2's COMPLEMENT 
CODE 


MVI A, 1 
SET STATUS TO 3 (OUTPUT 2, MSB COMP) 


OUT 1 
SEND STATUS 
MOV A, M 
GET DATA FROM MEMORY 


OUT 0 
SEND DATA 
L1C·OO9 


AO··15 
ADDRESS 
BUS 


A, 
A. 


00-07 


Am9080A 
} OUTPUT 1 
SYSTEM 


lOW 
Vi 
} OUTPUT 
2 


MOV A, M 
OUT 0 
OUT 1 
OUT2 
OUT 3 


GET DATA IN ACCUMULATOR 
OUTPUT DATA TO PORT 1, 2'S COMPLEMENT 
OUTPUT DATA TO PORT 2, 2'S COMPLEMENT 
OUTPUT DATA TO PORT 1, STRAIGHT 
BINARY 


OUTPUT DATA TO PORT 2, STRAIGHT 
BINARY 


MOV A, M 
OUT 0 
OUT 1 


LOAD MAGNITUDE 
(8-BITS) 
SEND POSITIVE OUTPUT 
SEND NEGATIVE OUTPUT 


1:8 


MUX 
ROY 


Am25S151 


(OMARa, 


INTRQ, 
ROY) 


WHEN 
THE 
UPPER 
4 BITS, 
DS'Ol1' 
OF 


THE 
12·BIT 
CODE 
ARE 
ZERO, 
THE 


LOWER 
8 BITS AND THE 1X SCALE 


ARE 
SELECTED. 


07 
D. 
05 


04 
DIGITAL 
03 
OUTPUT 
O2 
0, 


DO 


WHEN 
THE 
FIRST 
FOUR 
BITS CONVERSION 


RESULTS 
ARE ZERO, 
THE 1X SCALE 
IS SELECTED 
AND THE CONVERSION 
IS 


RESTARTED. 
THE 
START 
COMMAND 


RESETS 
THE 
CONVERSION 
TO 
16X 
SCALE 


ANALOG/DIGITAL 
TRANSCEIVER WITH HARDWARE 


CONTROLLED SUCCESSIVE APPROXIMATION 
AID CONVERSION 


ANALOG 
OUTPUT 
(NEGATIVE) 


ANALOG/DIGITAL 
TRANSCEIVER WITH 


SOFTWARE CONTROLLED AID CONVERSION 


SEQ 
SOURCESTATEMENT 
SEQ 
SOURCESTATEMENT 


o PORT1 
EQU OOH 
18 
CMA 


1 PORT3 
EQU 02H 
19 
CRA A 
;SET SIGN FLAG 
2 PORT2 
EQU 01H 
20 
JM NEXT 
;IF SMALLER GO TO NEXT BIT 


3 
ORG 3E50H 
21 
MOV D,E 
;SAVE RESULT 
4 START: 
LXI SP,STAKS-16 
;INITIAL STAKS POINTER 
22 NEXT: 
MOV A,B 
;GET NEXT TRIAL BIT 
5 SAMPLE: 
CALL ADCON 
;CALL AID CONVERSATION 
23 
RAR 
;SHIFT RIGHT ONCE 
6 
CMA 
24 
RC 
;RETURN ON CARRY 
7 
CALL DACON 
;CALL D/A CONVERSION 
25 
MOV B,A 
;STORETEST BIT 
8 
JMP SAMPLE 
;NEXT SAMPLE 
26 
ADD 0 
;ACCUMULATERESULT 
9 ADCON: 
XRA A 
:CLEARACC 
27 
JMP LOOP 
;TRY NEXT BIT 


10 
MOV D,A 
;CLEAR 0 REG 
28 DACON: 
OUT PORT 2 
;OUTPUTTO D/A 
11 
STC 
;SET CARRY 
29 
MVI C,05H 
;LOAD C REG WITH TIME 
12 
RAR 
;SET BIT 7 TO 1 
30 
OCR C 
;TIME DELAY 
13 
MOV B,A 
;STORETEST BIT AT B REGISTER 
31 
RZ 
;RETURN 
14 LOOP: 
MOV E,A 
;STORETEST WORD 
32 FILT: 
RET 
15 
CMA 
33 STAKS: 
OS 16 


16 
OUT PORT1 
;OUTPUTTO AID 
34 
END START 


17 
IN PORT3 
;INPUT FROM COMP 


AmDAC-08 
~m1508/1408 
Am6070 
Am6071 
Am6072 
Am6073 
Am6080 
Am6081 
·Am6689 
·Am6012 


- 
8-Bit High Speed 
Multiplying 
D/A Converter 


- 
8-Bit Multiplying 
D/A Converter 


- 
8-Bit Companding 
D/A Converter 
for Control 
Systems 
(wlaw) 
- 
8-Bit Companding 
D/A Converter 
for Control 
Systems 
(A-law) 


- 
8-Bit Companding 
D/A Converter 
for Telecommunications 
(wlaw) 
- 
8-Bit Companding 
D/A Converter 
for Telecommunicatons 
(A-law) 
- 
8-Bit High Speed 
Multiplying 
D/A Converter 
System/Microprocessor 
Compatible 
- 
8-Bit High Speed 
Multiplying 
D/A Converter 
System/Microprocessor 
Compatible 
- 
8-Bit, Ultra High Speed 
D/A Converter 
(ECL) 
- 
12-Bit High Speed 
Multiplying 
D/A Converter 


Analog to Digital Converters 


·Am6688 
- 
4-Bit Quantizer 
(Ultra High Speed ND Converter) 


Successive Approximation Registers 


Am2502 
- 
8-Bit Successive 
Approximation 
Registers 
Am2503 
- 
8-Bit Successive 
Approximation 
Registers 


Am2504 
- 
12-Bit Successive 
Approximation 
Registers 


Sample and Hold Amplifiers 


LF198/398 
-Monolithic 
Sample 
and Hold Amplifier 


•Am6098 
- Precision 
Sample 
and Hold Amplifier 


Comparators 


LM111/311 
LM119/319 
Am686 


- 
Precision 
Voltage 
Comparator 


- 
Dual Comparator 


- 
High Speed Voltage 
Comparator 


High Speed Operational Amplifiers 


Am118/318 
- 
High Speed Operational 
Amplifier 


LF155/156/157 
- 
JFET Input Operational 
Amplifiers 


LF355/356/357 
- 
JFET 
Input Operational 
Amplifiers 


Instrumentation and Control 


Data Acquisition 
Data Distribution 
Data Transceiver 
Function Generation 
Servo Controls 
Programmable Power Supplies 
Digital Zero Scale Calibration 
Digital Full Scale Calibration 
Digitally Controlled Offset Null 


Signal Processing 


CRT Displays 
Floating Point Analog Processors 
IF Gain Control 
Four Quadrant Multiplexer 
8 x 8 Digital Multiplication 
Line Driver 


AiD Converters 


Ratiometric ADC 
Differential Input ADC 
MUltiple Input Range ADC 
Two Channel ADC 
Microprocessor Controlled ADC 


Audio 


Music Distribution 
Digitally Controlled Gain 
Potentiometer Replacement 
Digital Recording 
Speech Digitizing 


01A Converters 


Single Quadrant Multiplying DAC 
Two Quadrant Multiplying DAC 
Four Quadrant Multiplying DAC 
Two Channel DAC 
Multiple Output Range DAC 
EJ 
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INTRODUCTION 


Modern electronic systems are replacing many of the analog 
signal processing and transmission functions with digital data 
processing. The use of digital electronics can lead to im- 
provements in system cost, performance, accuracy and relia- 
bility. Digital systems can transmit many signals on the same 
line in a multiplexed mode and do not suffer from the same 
kinds of noise and crosstalk problems that are inherent in 
analog systems. The digital processing of analog information 
requires conversion of the analog signal into digital form and 
the reverse conversion of the digital result back into an analog 
signal. Analog to digital converters, (ADC), and digital to 
analog converters, (DAC), perform these functions. The DAC 
is the key circuit element in both of these processes since it is 
used in a feedback 
loop to generate the ADC function. 


Monolithic technology has advanced dramatically in the last 
few years making low cost 8-bit DACs a reality today; in the 
near future, 10 and 12-bit monolithic DACs will also become 
available. This trend in DAC technology will help accelerate 
the trend toward more digital processing and transmission of 
analog information. 


Many analog signals vary in amplitude from very small values 
to very large values. The dynamic range of a converter is a 
measure 
of its ability 
to handle 
a wide range of input 
amplitudes and is defined as the ratio of the largest resolvable 
signal (VIN max.) to the smallest signal (VIN min.) that can be 
handled. This ratio is often expressed in decibels using the 
conversion formula 20 log (VINmax/VINmin).Linear DACs re- 
solve a ratio of 2":1, (n equals the number of bits), or n ·6dB. 
An 8-bit linear DAC, for example, resolves a ratio of 256:1 or 
48dB. 


The accuracy of a converter is a prime concern in most appli- 
cations. Accuracy is generally specified with respect to the full 
scale output (as a percent of full scale) or to the smallest step 
size (i.e., ±1/2LSB refers to ±1/2 of the smallest step size). 
Linear converters tend to be more accurate as the number of 
steps increases because the step size decreases. Many sys- 
tems require high accuracy as a percent of the input signal 
level rather than as a percent of full scale. The accuracy as a 
percent of input signal level (reading) decreases as the signal 
level decreases because the amount of error is constant. An 
8-bit linear DAC with an accuracy of .2% of full scale (±1/2 
LSB) has an ·accuracy of .2% of reading for input signals 
near full scale, but an accuracy of only 20% of reading for an 
input near 1% of full scale. 


For many types of applications, the accuracy and dynamic 
range of an 8-bit linear DAC are sufficient. However, there are 
many classes of problems that require a wider dynamic range 
to handle signal ratios of several thousand to one. Voice 
processing, speed control and music synthesis fall into this 
category. A 12-bit linear DAC provides a wider dynamic 
range, 72dB, and higher accuracy than an 8-bit linear DAC. 
However, these devices are very expensive, and, furthermore, 
it turns out that while most applications require the dynamic 
range of the 12-bit linear DAC they do not require its ac- 
curacy. A nonlinear DAC can provide such performance with 
fewer digital bits. It does so by using a nonlinear transfer 
characteristic to compress an analog signal into a digital word, 
and a complementary transfer characteristic to expand the 
digital values into analog signals with a wide dynamic range. 


An B-Oit nonlinear DAC can achieve a 72dB dynamic range 
with accuracy expressed as a percent of reading that ranges 
from 1.6% to 3.2% over the entire dynamic range of the de- 
vice. The overall nonlinear analog to digital and digital to 


analog conversion procedure is called the companding pro- 
cess. This note will discuss the Am6070 family of Compand- 
ing DACs and their applications. 


Companding Principles 


Companding transfer functions were originally developed to 
satisty the requirements of telephone voice communication 
systems. Studies of speech signals have shown that the dis- 
tribution of amplitudes covers a range of several thousand to 
one and that the lower amplitude signals occur more often 
than the large amplitude signals. More attention should, there- 
fore, be paid to the low level signals. It is important to main- 
tain a better signal to distortion ratio (the ratio of signal level 
to conversion error) for low level signals at the expense of a 
poorer ratio for the less probable high level signals. In order 
to accomplish this goal, a logarithmic type of transfer charac- 
teristic is used with more steps at low levels and fewer steps 


at high levels. 
E] 
A true logarithmic function has a discontinuity at zero and 
thus cannot be u3ed directly for signal compression. A modi- 
fied transfer characteristic with the form "log (1+x)" can be 
used to smooth the characteristic near zero. Two popular 
schemes have been developed - 
the wlaw by the Bell sys- 
tem for use in U.S. telephone systems and the A-law by the 
CCITT for use in European systems. They can be described 
by the following mathematical equations: 


wLaw: 
Y = 0.181n (1+/L!XI) 
sgn (X) 


A-Law: Y = 0.18 (1 + In (AIXI)) 
sgn (X), 1/A.;; IXI.;; 1 
Y = 0.18 (A IXI) sgn (X), 
0.;; IXI.;; 1/A 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 


Y = digital signal level normalized to unity 
(encoder output or decoder input) 


/L = 255 and A = 87.6 


Both functions require that the size of the analog output 
change increase for each increasing digital code. In order to 
implement such a function, an overly complex analog circuit 
would be needed. This requirement is met, instead, by a 
piecewise linear approximation. In this approximation, an 8-bit 
digital word generates 256 analog outputs with a transfer 
characteristic which is symmetrical about the origin. Figure 1 
shows the wlaw 
and A-law transfer characteristics and the 


linear 8-bit DAC transfer characteristic. The positive 128 steps 
are divided into 8 segments or chords of 16 steps each, from 
step 0 to step 15. The step size is constant within a chord 
and doubles for each increasing chord. If the step size in the 
first chord, chord 0, is assigned a value of 1, the next chord, 
chord 1, has a step size of 2, chord 2 has a step size of 4, 
etc. The last chord has a step size of 128 units and ends 
roughly at the value 4000. The 128 steps represent a 7-bit 
digital word with a dynamic range of 72dB, 20 log (4000:1), 
which is equivalent to the dynamic range of a 12-bit linear 
DAC. 


The above description describes the w1aw curve. The A-law 
differs from the w1aw only in the first two chords. The step 
size in the A-law DAC does not change between the first and 
second chords, but doubles in all succeeding chords. The 
A-law DAC has a 1/2 step offset at zero so that the positive 
and negative zero codes do not generate the same point. The 
A-law DAC has a dynamic range of 62dB which is equivalent 
to an 11-bit linear DAC. 
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A digital input word to a DAC corresponds to an exact and 
unique analog output level. The total number of discrete out- 
put levels, m, depends on the number of DAC binary inputs, 
(m=2", 
n = number of input bits), and each output level is 


specified to be within a certain error band of its ideal value. 
An analog input to an ADC, on the other hand, may have an 
infinite number of signal levels which must be represented 
with only a finite number of digital output combinations. The 
output code, ideally, identifies the digital word that most 
closely represents the analog input. The classical way to gen- 
erate a fast ADC function is to use a DAC in a feedback loop 
together with special ADC logic, employing a comparator and 
a successive approximation register (SAR). The feedback 
loop compares the DAC output with the analog input and de- 
cides whether the digital code is greater than or less than the 
input to the DAC. The input to the DAC is then increased or 
decreased accordingly, and another comparison is made. This 
technique causes each bit to be changed one at a time, and, 
by comparing the DAC's output with the analog input, the 
value of that bit is determined. Modification of one bit at a 
time, starting with the most significant bit and ending with the 
least significant bit, leads to an output which with each suc- 
cessive bit becomes a closer approximation of the input level. 
A total of n comparisons are needed for an n-bit converter. 


The overall transfer characteristic of the entire ADC system is 
shown in Figure 2a. The ADC logic approximates the input 
analog signal by rounding off to the closest lower digital value. 
The maximum uncertainty in the digital representation of the 
analog input will be a full bit. In order to reduce this uncer- 
tainty, the ADC transfer curve can be modified to round to the 
nearest digital code, instead of the lowest, by adding a half 
step offset to the characteristic as shown in Figure 2b. The 
ADC now changes its outputs for analog inputs halfway be- 
tween digital code points and gives a reading with ±1/2 step 
uncertainty. The half step offset necessary for better ADC ac- 
curacy is easily provided by increasing the DAC's analog out- 
put level by a half step whenever the DAC is used in an ADC 
scheme. This additional half step is easy to generate with 
linear DACs because of their constant step size throughout 
the entire dynamic range. For a Companding DAC this addi- 
tion is much more difficult since the step size varies with sig- 
nal value. In order to alleviate this problem, the Companding 
DAC has a built in capability to produce an appropriate half 
step offset signal at its output by a logic command. When this 
command input (E/D pin) is at logic 0, the Companding DAC 
is in the decode mode and the output will not contain the half 
step offset current. When the command input is at logic 1, the 
DAC is in the encode mode, i.e., within an ADC scheme, and 
the output current is increased by the correct half step for any 
input mode. 


Companding 
DACs In Industrial 
Systems 


Companding DACs differ from linear DACs in output dynamic 
range, transfer function, and the size of intermediate output 
steps. Comparable 
8-bit linear DACs, sUch as the popular 


AmDAC-08, 
have a linear transfer 
characteristic 
with 256 


linear steps, where each step is 8!-,A in size. The AmDAC-08 
has a dynamic 
range of only 48dB while 
the 8-bit Com- 


panding 
DAC, (Am6070). 
has an output dynamic 
range of 


72dB, which is also achievable with a 12-bit linear DAC. The 
output current increments 
of the Companding 
DAC, corres- 
ponding to small output signals, are significantly smaller than 
8!-,A, which is the step size for the AmDAC-08. The step sizes 
in the first four chords of the Companding DAC transfer func- 
tion are 0.5!-,A, 1.0!-,A, 2.0!-,A, and 4.0!-,A, respectively, with a 
total of 64 steps and a current value at the end of the fourth 
chord of approximately 
100!-,A. By comparison, the AmDAC- 


08 uses only 12 uniform steps to resolve a 100!-'A output cur- 
rent leveL 


Given the assumption that most industrial systems employ an 
8-bit digital data bus, the 8-bit DAC is a logical choice for 
interfacing 
with these systems. 
Companding 
DACs can be 


used in the same general applications as the AmDAC-08, particu- 
larly for reconstruction of analog signals with dynamic ranges that 
exceed 48dB. One example is the measurement of gas or liquid 
pressure, in an industrial environment, by pressure transducers 
with a pressure range of 0 to 3000PSI. Another example is digital 
recording of sound signals which usually exhibit a very large 
dynamic range. 


The Companding 
DAC's logarithmic-like 
nonlinear 
transfer 
function suggests the application of this device for simulation 
of nonlinear waveforms which can be generated by converting 
a sequence of bytes, from an 8-bit processor, into an analog 


SAMPLING 
OF AN ANALOG 
SIGNAL 


signal with an exponential shape. This type of signal can be 
used in nonlinear control systems such as motor velocity con- EJ 
trollers. Additionally, the high resolution and accuracy of the 
Companding 
DAC transfer function, 
for small output signal 


levels, provide a very smooth and precise analog control sig- 
nal to devices whose outputs are voltage or current depen- 
dent. 


In general, the Companding DAC should be used in any sys- 
tem where a large dynamic range is needed. Such systems 
include servo motor controls, electromechanical 
positioning, 


voice and music synthesis and recording, secure communica- 
tions, log sweep generators, digital control of gain and attenu- 
ation, and microprocessor controlled signal generation. 


Companding 
DACs in PCM Transmission 
Systems 


The companding laws were developed to satisfy the require- 
ments of the telephone system for the digital transmission of 
voice signals. Voice signals exhibit a dynamic range of sev- 
eral thousand to one. To transmit this information with 8-bit 
words and retain reasonable accuracy at low levels, a com- 
panding transfer characteristic must be used to compress the 
analog signal prior to transmission and to restore the original 
signal after reception. The transmission of an analog signal in 
a digital format involves sampling, quantizing (A to 0 conver· 
sion), and compressing the analog signal as shown in Figure 
3. The receiver must perform the complementary functions of 
expansion, digital to analog conversion and filtering to restore 
the analog signal waveform. The entire procedure is known as 
pulse code modulation, (PCM), and is the prevalent technique 
for digital transmission in communication 
systems. Currently, 


the Bell wlaw 
is the standard in the United States and the 


CCID 
A-law is the standard in Europe. 


DIGITAL 
REPRESENTATION 
OF ONE PARTICULAR 


ANALOG 
SIGNAL 
AMPLITUDE 


Fig. 3. Pulse Code Modulation 
Example. 
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A simplified block diagram of a PCM transmission system is 
shown in Figure 4. The analog signal must be sampled at a 
rate that is at least twice as fast as the maximum bandwidth 
of the system, (304KHz),in order to achieve satisfactory signal 
reproduction at the receiver site. (This requirement is based 
on the Nyquist sampling theorem.) The telephone system 
uses a sampling rate of 8kHz which allows 1251-'s 
between 


samples. During this time the entire signal sampling, quan- 
tizing, encoding, and mUltiplexingmust be completed. 


The companding DAC is a complete PCM decoder (receiver) 
that performs both the decoding and D/A conversion. The 
DAC has additional encoding capabilities which make it very 
attractive for use in CODECs (a CODEC is both an Encoder 
and Decoder). The transfer characteristics 
of this device 


closely 
follow the characteristics 
defined 
by the wlaw, 
(Am6072), or A-law, (Am6073), A typical connection of a 
Companding DAC in a PCM transmission system is shown in 
Figure 5. In the transmitter side, the Companding DAC op- 
erates in a feedback loop using a SAR to perform the data 
encoding function. The corresponding logarithmic transfer 
curve for the entire feedback loop portion of the transmitter is 
also shown in Figure 5. The value of the sampled signal is 
estimated by a series of 9 iterations until its appropriate quan- 
tized 
digital 
representation 
appears 
at the 
a-bit 
parallel 
data 
output of the SAR. This 8-bit digital code will be transmitted to 
the digital inputs of another Companding DAC for the de- 
coding operation. The inpuVoutput transfer function for the 
Companding DAC is also shown in Figure 5. 


The Companding DAC can be used in PCM decoders, en- 
coders or complete CODECs. It is a high speed device that is 
capable of handling more than one channel in a multiplexed 
system. In multi-channel systems Companding DACs can be 
configured in a variety of ways depending on the number of 
channels, the method of transmission, (serial or parallel data), 
and synchronization of the system. A single Companding DAC 
can be used, for example, to decode all 24 channels in a 
standard Bell D3 data bank. 


General Circuit Description 


The basic function of the 8-bit, Companding DAC is to convert 
a digital input value into an analog output current. The output 
current is a function of the digital data inputs and the input 
reference current. The full scale current, IFS' is generated by 
the 7-bit data input binary code 111 1111, and is a linear 
function of the reference current, 'REF' 
There are two oper- 
ating modes, Encode and Decode, which are controlled by the 
Encode/Decode, 
(E/D), digital control signal. The output 
dynamic ranges achieved with the sign-plus-7-bit Companding 
DACs are 62dB (A-law) and 72dB (wlaw) which correspond 
to the output dynamic ranges of sign-plus-11-bit and sign- 
plus-12-bit linear binary DACs. Digital data and control inputs 
provide for easy digital control of converter operations in 
computer based data conversion systems. 


The internal 
device 
design 
assures 
the 
accuracy 
and 


monotonicity of the Companding DAC over the entire dynamic 
and temperature ranges by maintaining the chord end points 
and step size deviations within allowable limits. Parametric 
deviations and requirements can be expressed in terms of 
corresponding step fractions which are applied throughout the 
entire output dynamic range. In industrial environments it is 
customary to specify allowable deviations from ideal paramet- 
ric values within ± half a step. However, the wlaw and A-law 
based PCM communication systems specify the output cur- 
rent deviations in terms of dB, with respect to IfS' 
Further- 
more, these communication requirements in dB cannot be 
translated to some reasonable "step fraction" deviation which 
will be common for the entire output dynamic range. Con- 
sequently, Companding DACs applied in communication sys- 
tems must be tested against specific output current values 
which are calculated separately for each step of the transfer 
characteristic. This difference between communication and in- 
dustrial Companding DAC devices is recognized by Advanced 
Micro Devices which offers wlaw and A-law devices for both 
the industrial market, Am6070 and Am6071, and the tele- 
communication market, Am6072 and Am6073. 


These Companding DACs are manufactured in an 18-pin 
package. There are seven digital data inputs, (B1 through 
B7), two control digital input signals, (SB, EiO), and four 
analog current outputs, (1001+), 100(-), 
10E(+), 10E(-»)' The 
maximum output current value or full scale current, IfS' is de- 
termined by the value of the reference current, IREf, 
supplied 


to the Companding DAC via two analog reference inputs, 
(VR1+) 
and VR(-)). 
There are three power supply connections 


(V-, V+ and Ground). 


Detailed Circuit Description 


The block diagram of the Companding DAC is shown in Fig- 
ure 6. The circuit consists of the following five major blocks: 


• The chord generator produces the total current for each 
chord or segment of the curve. 
• The pedestal generator generates the pedestal or starting 


point for each chord. 


• The step generator generates the proper step current for 


each chord. 
• The chord decoding logic decodes the chord inputs and 
controls the inputs to the pedestal and step generator cir- 
cuits. 


• The output switching matrix sums the step and pedestal 


currents and routes them to the proper output node. 


To understand the circuitry of the Companding DAC it is im- 
portant to understand how the companding curve is gener- 
ated. The companding curve is a piecewise linear approxi- 
mation of an exponential characteristic. It consists of 16 linear 
segments centered around the origin. The curve is symmetri- 
cal around the origin so we need only examine the positive 
portion of the curve. Each segment or chord consists of six- 
teen steps, step 0 through step 15, and the size of each step 
doubles as the chord number increases. In order to smooth 
out the characteristic as the chords change, the step current 
value for the first step of each higher chord, step 0, is set to 
be 1 1/2 times larger than the step current values in the lower 
chord. The succeeding fifteen steps, step 1 to step 15, are 2 
times larger than steps of the previous chord. Figure 7 shows 
a detailed synthesis of the companding function. The first 
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Fig. 6. Companding DAC Functional Block Diagram. 
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chord, CO, is generated from a current source, Ico. The sec- 
ond chord, C1, starts at current Ip1, (known as the pedestal 
current), and is generated from a current source, IC1' which is 
twice the value of Ico. The next chord current source, 
Icz, 
starts at a pedestal current Ipz and has a total value equal to 
four times Ico. This process continues with each chord N hav- 
ing a total chord current equal to 2Nlco and starting 
at a 


pedestal current which equals the summation of all currents in 
the lower chords: 
N-1 
N-1 


IpN = 
~ 
(lCM + 1.5· 1M)= 16.5 
~ 
1M,(Ipo = 0), 


M=O 
M=O 


where 
1M is the step current value in chord M. 


The generation of the pedestal current by summing the lower 
chords ensures monotonic behavior in the transition between 
chords. 
The selection 
of the proper 
step within 
the given 


chord 
is accomplished 
by routing 
the chord 
current, 
ICN, 


through a step generator which chooses the proper fraction of 
the chord current necessary to generate the selected number 
of steps. The resulting net output current 
lOUT, can be ex- 
pressed in terms of step currents, 
IN, corresponding 
to the 
chord N: 


N-1 


lOUT= IpN + S· IN = (16.5 
~ 
1M)+ S· 
IN, (Ipo = 0), 


M=O 


where 
S = step number 
= 0, 1, ... 
, 15 and N 


number = 0, 1, ... 
, 7. 


The circuit has 9 digital inputs, an 8-bit word and a control bit. 
The 8-bit digital input word is broken into three parts. The first 
bit is the sign bit and specifies whether the output lies in the 
positive or negative portion of the curve. The next three bits 
define which of the 8 chords is to be selected. This three bit 
field has a value designated as N which is between 0 and 7. 
The last four bits specify one of the sixte~n steps and has a 
value equal to S. The control bit is the ElD signal which con- 
trols the output sWitching. 


The chord generator is the key element in the DAC. It must 
generate eight binary weighted chord currents and is similar 
to an 8-bit linear DAC. The detailed schematic, shown in Fig- 
ure 8, shows a master/slave ladder arrangement biased from 
a reference amplifier and transistor. The reference amplifier 
forces the base voltage of the reference transistor, 
(00), 
to 


the value required to sink the reference current. This voltage 
will bias the master ladder so that 01 
runs at 2·IREF, 
02 at 


IREF, 03 at .5·IREF, and 04A and 04B at .25·IREF each. The 
slave array uses a binary weighted resistor array to generate 
the lower four chord currents 
by dividing 
the current 
from 
04B. An 8-bit linear DAC does not require the resistor array 
in the slave ladder but the Companding DAC does, in order to 
ensure 
12-bit linearity 
in Chord O. The LSB current 
in an 
AmDAC-08 is 81-'A ±41-'A while the Chord 0 current source in 
an Am6070 has a value of 81-'A± .5I-'A. 


The chord select inputs, 81, 82, 83, control a one of eight 
decoder that selects one of the chords, routes that chord cur- 
rent source to the step generator and switches all the lower 
order chord current sources to the pedestal generator. 


The step generator for the wlaw characteristic is shown in de- 
tail in Figure 9. This circuit divides the total chord current 
source, leN, into 33 equal parts, and the step current value, 
IN, is equal to 2/33 of the chord current source. The 33 parts 
accommodate 
the required 
1.5 step transition 
between 


chords, so that the total internal chord current source is equal 
to 16.5 steps. The step generator is similar to a four bit DAC 
but has six current source outputs to generate 8, 4, 2, 1, 1 
and 1/2 step currents. This current division can be done using 
emitter 
area scaling with enough accuracy 
to meet the 


monotonicity and linearity specifications without the use of 
emitter resistors. The four step bit inputs can choose from 0 
to 15 steps to be switched into the output summing network. 
The 1/2 step current is used as the encode offset current in 
the encode mode and will track the value of the chord current. 
When the transition to the next chord is made, the full chord 
current 
is switched to the pedestal 
generator 
causing 
a 
change in the output of 1.5 steps, Le., from 15 steps to 16.5 
steps. The step selector uses a fully differential current switch 
to ensure high speed performance. This switch does not re- 
quire capacitive 
charging and discharging 
of low current 


nodes and has a nearly constant 40ns propagation delay over 
the dynamic range of the varying chord currents, from the first 
step current on chord 0 of .51-£Ato the last step current on 
chord 7 of .5mA. 


The output 
summing 
network 
sums 
the outputs 
of the pedes- 


tal generator, 
step generator, 
and encode 
current, 
and routes 


the current 
to the output 
selected 
by the combination 
of 58 


and 
E/D. 
If the E/D 
input is high, the encode 
current, 
lEN, is 


summed 
with the step and pedestal 
currents 
and is routed 
to 


10E(+). if 58 
is 1, or to 10EI-I' 
if 58 is O. If E/D 
is low, only the 


step 
and pedestal 
currents 
are summed 
and sent to the out- 


put; the output 
current 
is routed 
to 100(+) or 100(-) 
depending 


on the 
state 
of 58. 
Only 
one 
output 
will 
be active 
and 
the 


other outputs 
will be in a high impedance, 
off, state. 


Generation of the wLaw and A-Law Characteristics 


The 
wlaw 
and 
A-law 
devices 
have 
similar 
characteristics 


which 
differ 
in the chords 
near zero. 
In the wlaw 
device, 
the 


step size doubles 
when 
chord 
0 ends and chord 
1 begins 
and 


the first step of chord 
zero is equal to zero, and the points for 


positive 
and negative 
zero 
are the same. 
In the A-law 
curve, 


the step 
size does 
not change 
between 
chord 
0 and chord 
1. 


The first two chords 
are colinear 
and the step 
size 
does 
not 


start doubling 
until chord 
2. Additionally, 
the A-law 
curve 
has 


a 1/2 step offset 
at the zero 
point so that 
positive 
and nega- 


tive 
zero 
are 
not 
equal. 
These 
differences 
in the 
two 
com- 


panding 
laws 
are 
relatively 
minor 
and 
the 
two 
laws 
can 
be 


generated 
from 
the 
same 
integrated 
circuit 
with 
only 
minor 
modifications. 


The wlaw 
curve 
is generated 
using the earlier 
described 
step 


generator. 
If step size in the first chord 
is set to be .5jJ.A, the 


internal 
chord 
0 current 
source 
must be 8.25jJ.A (16.5 x .5jJ.A). 
Each 
succeeding 
internal 
chord 
current 
source 
doubles 
in 


value 
so that 
the 
last two 
chord 
current 
sources 
are 
528jJ.A 


and 1056jJ.A. The reference 
current 
is equal to 1/2 the largest 


current 
source, 
so the 
required 
reference 
current 
is 528jJ.A. 
The full scale output 
current 
can be calculated 
by summing 
all 


the internal 
current 
sources 
and subtracting 
1.5 steps from the 


most 
significant 
chord, 
because 
the full 
scale 
current 
output 
requires 
only 
15 steps 
out of the 
available 
16.5 steps 
to be 


switched 
into 
the 
output. 
This 
gives 
a full 
scale 
current 
of 


2007.75jJ.A. 
The 
output 
current 
for 
any 
point 
on 
the 
com- 


panding 
curve can be calculated 
in terms 
of the internal 
chord 


o source, 
8.25jJ.A, and its step value, 
.5jJ.A, using 
the follow- 


ing formula: 


TABLE 1 


NORMALIZED A-LAW DECODER OUTPUT 


(SIGN BIT EXCLUDED) 


STEP(S) 
CHORD (C) 


0 
1 
2 
3 
4 
5 
6 
7 


0 
, 
33 
66 
132 
264 
528 
1056 
2112 
, 
3 
35 
70 
'40 
280 
560 
1120 
2240 


2 
5 
37 
74 
'48 
296 
592 
1184 
2368 


3 
7 
39 
78 
'56 
312 
624 
1248 
2496 


4 
9 
41 
82 
164 
328 
656 
1312 
2624 


5 
11 
43 
86 
'72 
344 
688 
1376 
2752 


6 
'3 
45 
90 
'80 
360 
720 
1440 
2880 


7 
15 
47 
94 
'88 


I 


376 
752 
1504 
3008 


8 
17 
49 
98 
196 
392 
784 
'568 
3136 


9 
19 
51 
'02 
204 
408 
8'6 
1632 
3264 


10 
2' 
53 
'06 
212 
424 
848 
1696 
3392 


11 
23 
55 
110 
220 
440 
880 
1760 
3520 


" 
25 
57 
114 
228 
456 
9'2 
1824 
3648 


'3 
27 
59 
118 
236 
462 
944 
'888 
3776 


14 
29 
6' 
'22 
244 
488 
976 
1952 
3904 


15 
31 
63 
'26 
252 
504 
l00s 
2016 
4032 


STEPSIZE 
2 
2 
4 
8 
'6 
32 
64 
128 


where 
N 
represents 
the 
chord 
number 
and 
5 
the 
step 


number. 
The first term 
represents 
the pedestal 
current 
value; 


the second 
term the value of the steps 
in the selected 
chord. 


The 
A-law 
curve 
is generated 
by using 
the 
step 
generator 
shown 
in Figure 
10. The 
internal 
chord 
current 
source 
is di- 
vided 
into 32 equal 
parts with current 
source 
values 
of 8, 4, 2, 


1, 
1/2 
and 
1/2 
steps. 
The 
zero 
offset 
is generated 
by sum- 


ming a 1/2 
step current 
with the output 
of the step 
generator 
independent 
of input code. 
The range 
of output 
values 
of the 
step generator 
is from 
1/2 
step to 15.5 steps, 
and the internal 
chord' current 
source 
has a value 
equal 
to 16 steps. 
The 
1.5 
step 
transition 
is accomplished 
by switching 
the total 
internal 
chord 
current 
source 
to the pedestal 
generator, 
i.e., adds 
1/2 
step, 
(the 
encode 
current 
IEN), and 
summing 
the 
1/2 
step 


offset 
current 
from 
the next 
higher 
chord, 
which 
is the same 
as one step on the lower chord. 


The A-law 
Companding 
DAC doubles 
the size of the chord 
0 


current 
source 
Ico from the wlaw 
Ico value 
by connecting 
the 


collector 
of Q88 
to Q8A 
instead 
of its base 
as indicated 
in 


Figure 8, so that it is equal to the chord 
1 current 
source. 
The 


reference 
current 
is adjusted 
to set the first chord 
step size to 


1jJ.A and the 
internal 
chord 
0 current 
source 
value 
to 16jJ.A. 


The last two chords 
will have internal 
current 
source 
values 
of 


512jJ.A and 
1024jJ.A each. 
The 
reference 
current 
required 
to 


bias the chord 
generator 
is 512jJ.A. The full scale 
output 
cur- 
rent can be calculated 
by summing 
all the internal 
chord 
cur- 
rent sources 
and SUbtracting 
1/2 step from the last chord, 
be- 
cause 
only 
15.5 steps 
of the 
16 steps 
in the 
last 
chord 
are 


switched 
to the 
output. 
The 
full 
scale 
current 
is nominally 


2016jJ.A. The 
current 
at any 
point 
on the A-law 
companding 
curve can be calculated 
by using the following 
formula: 


IN•S = (25+1) 
•. 5jJ.A, for N=O, and 


= (2N-1 
• 16.5jJ.A) + (2N-1 
·5· 
1jJ.A), for N "" 1. 


Output Current Tables 


All output 
current 
values 
on the A-law 
transfer 
characteristic 
curve 
are higher 
than corresponding 
wlaw 
current 
values, 
be- 


cause of the larger step sizes 
in chord 
0 for the A-law charac- 
teristic. 
The 
different 
step 
sizes 
in chord 
0 were 
originally 
suggested 
by the 
International 
Telegraph 
and 
Telephone 


TABLE 2 
NORMALIZED wLAW DECODER OUTPUT 


(SIGN BIT EXCLUDED) 


CHORD 
(C) 
STEP(5) 


0 
2 
3 
4 
5 
6 
7 
1 


0 
0 
33 
99 
231 
495 
1023 
2079 
4191 
, 
2 
37 
'07 
247 
527 
1087 
2207 
4447 


2 
4 
4' 
115 
263 
559 
1151 
2335 
4703 


3 
6 
45 
123 
279 
591 
1215 
2463 
4959 


4 
8 
49 
13' 
295 
623 
1279 
2591 
5215 


5 
'0 
53 
139 
311 
655 
1343 
2719 
547' 


6 
'2 
57 
147 
327 
687 
'407 
2847 
5727 


7 
'4 
61 
155 
343 
7'9 
1471 
2975 
5983 


8 
'6 
65 
163 
359 
75' 
1535 
3103 
6239 


9 
18 
69 
171 
375 
783 
1599 
3231 
6495 


10 
20 
73 
'79 
391 
815 
1663 
3359 
6751 


11 
22 
77 
167 
407 
647 
1727 
3487 
7007 


'2 
24 
81 
195 
423 
879 
1791 
3615 
7263 
13 
26 
85 
203 
439 
911 
1855 
3743 
7519 
14 
28 
89 
211 
455 
943 
1919 
3871 
7775 
15 
30 
93 
219 
471 
975 
1983 
3999 
8031 


STEPSIZE 
2 
4 
8 
16 
32 
64 
128 
256 


TABLE 3 


IDEAL A-lAW 
DECODER OUTPUT VALUES EXPRESSED 


IN dB DOWN FROM OVERLOAD lEVEL 
(+3dBmo) 


STEP 
CHORD 


0 
1 
2 
3 
4 
5 
6 
7 


0 
-69.11 
-38.74 
-35.72 
-26.70 
-20.68 
-14.66 
-8.64 
-2.62 
1 
-59.57 
-38.23 
-32.21 
-26.19 
-20.17 
-14.15 
-8.13 
-2.11 


2 
-55.13 
-37.75 
-31.73 
-25.71 
-19.68 
-13.66 
-7.64 
-1.62 


3 
-52.21 
-37.29 
-31.27 
-25.25 
-19.23 
-13.21 
-7.19 
-1.17 
4 
-50.03 
-36.85 
-30.83 
-24.81 
-18.79 
-12.77 
-6.75 
-0.73 
5 
-48.28 
-36.44 
-30.42 
-24.40 
-18.38 
-12.36 
-6.34 
-0.32 


6 
-46.83 
-36.05 
-30.03 
-24.00 
-17.98 
-".96 
-5.94 
+0.08 


7 
-45.59 
-35.67 
-29.65 
-23.63 
-17.61 
-11.59 
-5.57 
+0.46 
8 
-44.50 
-35.31 
-29.29 
-23.27 
-17.24 
-11.22 
-5.20 
+0.82 
9 
-43.54 
-34.96 
-28.94 
-22.92 
-16.90 
-10.88 
-4.86 
+1.16 
10 
-42.67 
-34.62 
-28.60 
-22.58 
-16.56 
-10.54 
-4.52 
+1.50 
11 
-41.88 
-34.30 
-28.28 
-22.26 
-16.24 
-10.22 
-4.20 
+1.82 
12 
-41.15 
-33.99 
-27.97 
-21.95 
-15.93 
-9.91 
-3.89 
+2.13 
13 
-40.48 
-33.69 
-27.67 
-21.65 
-15.63 
-9.61 
-3.59 
+2.43 


14 
-39.86 
-33.40 
-27.38 
-21.36 
-15.34 
-9.32 
-3.30 
+2.72 
15 
-39.28 
-33.12 
-27.10 
-21.08 
-15.06 
-9.04 
-3.02 
+3.00 


Consultive Committee (CCITT), in its recommendation for the 
encoding laws in Pulse Code Modulation communication sys- 
tems for voice frequency signals of commercial quality. 


This recommendation contains several different tables with in- 
formation 
for A-law and wlaw 
encoding 
requirements. 
The 


most important pair of tables contain all 128 distinctive de- 
coder output current values expressed 
in normalized 
units. 
The normalized 
current output values for A-law and wlaw 
Companding DACs are presented in Tables 1 and 2, respec- 
tively. Step 0 of chord 0 in the A-law table is equal to the 
value of one normalized 
unit, whereas 
the corresponding 
normalized zero current value in the wlaw 
table is zero. The 
actual size of this normalized unit is NOT REQUIRED TO BE 
THE SAME for A-law and for wlaw, 
and entries in Tables 1 


and 2 should not be used for any comparison of the two en- 
coding laws. Each table, independently, 
provides the infor- 
mation for a particular encoding law about required relation- 
ships between the output current magnitudes. In addition, the 
input data coding for Table 2, which contains entries for the 
wlaw 
normalized output values, is the one's complement of 


the input data codes suggested by the original CCITT and 
Bell D3 specification. 
However, data input coding shown in 


Tables 1 and 2 is accepted as standard input data coding in 
order to have consistent 
data coding for wlaw 
and A-law 


Companding DACs. The maximum normalized current values 
in Tables 1 and 2 are 4032 and 8031, respectively, and these 
values can be easily derived by summing all of the 128 nor- 
malized steps. 


Additional conditions 
beyond the two maximum 
normalized 


values 
are 
related 
to 
the 
ratios, 
in JLA, between 
the 


amplitudes corresponding to full scale current values, and the 
amplitudes of output currents which are chosen as the refer- 
ence outputs for A-law and for wlaw decoding devices. These 
reference outputs are generated as sinusoidal waveforms of 
1kHz by applying 
a periodic 
sequence 
of eight 8-bit data 
words 
at the Companding 
DAC's inputs 
at an 8kHz rate. 


These sequences are specified separately for both encoding 
laws. 
The signal 
level 
at the peaks 
of these 
reference 
sinusoidal waveforms is chosen as the reference OdB level. 
This level is implied to be the same for both encoding laws. 
The dB levels, calculated 
by using the peaks of the 1kHz 


sinusoidal waveforms with amplitudes which correspond to the 


TABLE 4 
IDEAL wlAW 
DECODER OUTPUT VALUES EXPRESSED 


IN dB DOWN FROM OVERLOAD lEVEL 
(+3dBmo) 


CHORD 


STEP 
3 
4 
6 
0 
1 
2 
5 
7 


0 
- 
-44.73 
-35.18 
-27.82 
-21.20 
-14.90 
-8.74 
-2.65 


1 
-69.07 
-43.73 
-34.51 
-27.24 
-20.66 
-14.37 
-8.22 
-2.13 


2 
-63.05 
-42.84 
-33.88 
-26.70 
-20.15 
-13.87 
-7.73 
~1.65 


3 
-59.53 
-42.03 
-33.30 
-26.18 
-19.66 
-13.40 
-7.27 
-1.19 


4 
-57.03 
-41.29 
-32.75 
-25.70 
-19.21 
-12.96 
-6.83 
-0.75 


5 
-55.10 
-40.61 
-32.24 
-25.24 
-18.77 
-12.53 
--6.41 
-0.33 


6 
-53.51 
~39.98 
-31.75 
-24.80 
-18.36 
-12.13 
--6.01 
+0.06 


7 
-52.17 
-39.39 
-31.29 
-24.39 
-17.96 
-11.74 
-5.63 
+0.44 


8 
-51.01 
-38.84 
-30.85 
-23.99 
-17.58 
-11.37 
-5.26 
+0.81 


9 
-49.99 
-38.32 
-30.44 
-23.61 
-17.22 
-11.02 
-4.91 
+1.16 


10 
-49.07 
-37.83 
-30.04 
-23.25 
-16.87 
-10.68 
--4.57 
+1.49 


11 
-48.25 
-37.37 
-29.66 
-22.90 
-16.54 
-'0.35 
-4.25 
+1.82 


12 
-47.49 
-36.93 
-29.29 
-22.57 
-16.22 
-10.03 
-3.93 
+2.13 


13 
-46.80 
-36.51 
-28.95 
-22.25 
-15.91 
-9.73 
-3.63 
+2.43 
,. 
-46.15 
-36.11 
-28.61 
-21.94 
-15.61 
-9.43 
-3.34 
+2.72 


15 
-45.55 
-35.73 
-28.29 
-21.63 
-15.32 
-9.15 
-3.06 
+3.00 


theoretical maximum output current values, are specified to be 
+3.14dB and +3.17dB above the common reference level for 
the A-law 
and wlaw 
decoding 
devices, 
respectively. 
The 
small difference in the specified theoretical maximum output 
current levels implies a very small difference between actual 
full scale current values for A-law and wlaw 
decoders. 
In 


practice, the actual level for the full scale output current val- 
ues for both laws is set to be +3.00dB 
above the reference 
OdB level. The ideal decoder output values expressed in dB 
down from the full scale current output for A-law and wlaw 
are presented in Tables 3 and 4. The reference OdB level can 
be found in these tables between steps 5 and 6 on chord 7. 
Comparison of the numbers corresponding to step 1 in chord 
o shows a difference between the two encoding laws with re- 
spect to the output 
dynamic 
ranges. 
The output 
dynamic 
range 
is 62.57dB 
for A-law, 
(+3.00dB 
to -59.57dB), 
and 
72.07dB for wlaw, 
(+3.00dB to -69.07dB). 


In order to make the electrical designs of A-law and wlaw 
Companding DACs as similar as possible, the normalized unit 
value of current in Table 1, A-law table, is chosen to be 0.5JLA 
and the normalized 
unit current quantity 
in Table 2, w1aw 


table, is chosen to be 0.25JLA. These different "unit" values 
will cause the steps in chord 0 for A-law Companding DACs 
to be twice as large as the corresponding wlaw 
device step 


sizes. Consequently, the ideal full scale absolute current val- 
ues corresponding 
to 4032 and 8031 normalized 
units are 


2016JLA for A-law and 2007.75JLA for wlaw 
DACs. Tables 5 
and 6 contain all 128 absolute decoder output current values 
m IJ-A.These tables can be further expressed in terms of per- 
cent of full scale current output, which may be important for 
some "percentage" 
oriented 
applications. 
Tabulated 
sum- 
maries of step and chord endpoint sizes which can be ex- 
tracted from Tables 1 through 6 are presented in Tables 7 
and 8. The last column in these tables points out that the best 
resolution and accurac l:' Ie achieved in chord 0 of the Com- 
panding DAC's transfer function. 


The output current values presented in Tables 5 and 6 are 
ideal output currents with ideal reference currents of 528JLA 
and 5121J-A,respectively. The output current deviations for the 
communication appHcation of Companding DACs are specified 
by the compandor tracking 
system requirements 
which are 


illustrated for both decoders in Figures 11 and 12. In both fig- 
ures a dotted line represents a total gain deviation, in dB, for 


TABLE 5 
IDEAL A·LAW DECODER OUTPUT CURRENT IN MICROAMPS (SIGN BIT EXCLUDED) 


CHORD 
STEP 


0 
1 
2 
3 
4 
5 
6 
7 


0 
.500 
16.500 
33.000 
66.000 
132.00 
264.00 
528.00 
1056.00 


1 
1.500 
17.500 
35.000 
70.000 
140.00 
280.00 
560.00 
1120.00 


2 
2.500 
18.500 
37.000 
74.000 
148.00 
296.00 
592.00 
1184.00 


3 
3.500 
19.500 
39.000 
78.000 
156.00 
312.00 
624.00 
1248.00 


4 
4.500 
20.500 
41.000 
82.000 
164.00 
328.00 
656.00 
1312.00 


5 
5.500 
21.500 
43.000 
86.000 
172.00 
344.00 
688.00 
1376.00 


6 
6.500 
22.500 
45.000 
90.000 
180.00 
360.00 
720.00 
1440.00 


7 
7.500 
23.500 
47.000 
94.000 
188.00 
376.00 
752.00 
1504.00 


8 
8.500 
24.500 
49.000 
98.000 
196.00 
392.00 
784.00 
1568.00 


9 
9.500 
25.500 
51.000 
102.000 
204.00 
408.00 
816.00 
1632.00 


10 
10.500 
26.500 
53.000 
106.000 
212.00 
424.00 
848.00 
1696.00 


11 
11.500 
27.500 
55.000 
110.000 
220.00 
440.00 
880.00 
1760.00 


12 
12.500 
28.500 
57.000 
114.000 
228.00 
456.00 
912.00 
1824.00 


13 
13.500 
29.500 
59.000 
118.000 
236.00 
472.00 
944.00 
1888.00 


14 
14.500 
30.500 
61.000 
122.000 
244.00 
488.00 
976.00 
1952.00 


15 
15.500 
31.500 
63.000 
126.000 
252.00 
504.00 
1008.00 
2016.00 


STEP 
1 
1 
2 
4 
8 
16 
32 
64 
SIZE 


TABLE 6 
IDEAL WLAW DECODER OUTPUT CURRENT IN MICROAMPS (SIGN BIT EXCLUDED) 


CHORD 


STEP 
0 
1 
2 
3 
4 
5 
6 
7 


0 
.000 
8.250 
24.750 
57.750 
123.75 
255.75 
519.75 
1047.75 


1 
.500 
9.250 
26.750 
61.750 
131.75 
271.75 
551.75 
1111.75 


2 
1.000 
10.250 
28.750 
65.750 
139.75 
287.75 
583.75 
1175.75 


3 
1.500 
11.250 
30.750 
69.750 
147.75 
303.75 
615.75 
1239.75 


4 
2.000 
12.250 
32.750 
73.750 
155.75 
319.75 
647.75 
1303.75 


5 
2.500 
13.250 
34.750 
77.750 
163.75 
335.75 
679.75 
1367.75 


6 
3.000 
14.250 
36.750 
81.750 
171.75 
351.75 
711.75 
1431.75 


7 
3.500 
15.250 
38.750 
85.750 
179.75 
367.75 
743.75 
1495.75 


8 
4.000 
16.250 
40.750 
89.750 
187.75 
383.75 
775.75 
1559.75 


9 
4.500 
17.250 
42.750 
93.750 
195.75 
399.75 
807.75 
1623.75 


10 
5.000 
18.250 
44.750 
97.750 
203.75 
415.75 
839.75 
1687.75 


11 
5.500 
19.250 
46.750 
101.750 
211.75 
431.75 
871.75 
1751.75 


12 
6.000 
20.250 
48.750 
105.750 
219.75 
447.75 
903.75 
1815.75 


13 
6.500 
21.250 
50.750 
109.750 
227.75 
463.75 
935.75 
1879.75 


14 
7.000 
22.250 
52.750 
113.750 
235.75 
479.75 
967.75 
1943.75 


15 
7.500 
23.250 
54.750 
117.750 
243.75 
495.75 
999.75 
2007.75 


STEP 
.5 
1 
2 
4 
8 
16 
SIZE 
32 
64 


TABLE 7 


A·LAW DECODER STEP SIZE AND CHORD SIZE SUMMARY 


Resolution 
Step 
Size 
Chord 
Endpoints 
Step 
Size 
Chord 
Endpoints 
Step 
Size 
Chord 
Endpoints 
Chord 
Endpoints 
• 
Accuracy 
Normalized 
Normalized 
inl"Awith 
in IiAwith 
858 % of 
as 8 % 
in dB Down 
of Equivalent 
Chord 
to 
Full Scale 
to 
Full Scale 
20161"A 
F. S. 
20161"A 
F. S. 
Full Scale 
of Full Scale 
from 
Full Scale 
Binary 
DAC 


0 
2 
31 
1.0 
15.5 
0.05% 
0.77% 
-42.28 
Sign + 11 Bits 
1 
2 
63 
1.0 
31.5 
0.05% 
1.56% 
-36.12 
Sign + 11 Bits 


2 
4 
126 
2.0 
63.0 
O.l<7r 
3,13% 
-30.10 
Sign + 10 Bits 


3 
8 
252 
4.0 
126.0 
0.2% 
6.2591- 
-24.08 
Sign + 
9 Bits 
4 
16 
504 
8.0 
252.0 
0.4% 
12.5% 
-18.06 
Sign + 
8 Bits 
5 
32 
1008 
16.0 
504.0 
0.891- 
25.0% 
-12.04 
Sign + 
7 Bits 


6 
64 
2016 
32.0 
1008.0 
1.691- 
50.0% 
-6.02 
Sign + 
6 Bits 
7 
128 
4032 
64.0 
2016.0 
3.291- 
10091- 
0 
Sign + 
5 Bits 


TABLE 8 


WLAW DECODER STEP SIZE AND CHORD SIZE SUMMARY 


Resolution 
&: 


Step Size 
Chord Endpoints 
Step Size 
Chord Endpoints 
Step Size 
Chord 
Endpoints 
Chord 
Endpoints 
Accuracy 
of 


Normalized 
Normalized to 
in I1A with 
injJ.Awith 
as a % of 
as a % of 
in dB Down 
Equivalent 
Chord 
to Full Scale 
Full Scale 
2007.751JA 
FS 
2007.751JA 
FS 
Full Scale 
Full Scale 
from 
Full Scale 
Binary 
DAC 


0 
2 
30 
0.5 
7.5 
0.025% 
0.37% 
-48.55 
Sign 
+ 12 Bits 


1 
4 
93 
1.0 
23.25 
0.05% 
1.16% 
-38.73 
Sign + '1 
Bits 


2 
8 
219 
2.0 
54.75 
0.1% 
2.73% 
-31.29 
Sign + 10 Bits 


3 
16 
471 
4.0 
117.75 
0.2% 
5.86% 
-24.63 
Sign + 
9 Bits 


4 
32 
975 
8.0 
243.75 
0.4% 
12-.1% 
-18.32 
Sign + 
8 Bits 


5 
64 
1983 
16.0 
495.75 
0.8% 
24.7% 
-12.15 
Sign + 
7 Bits 


6 
128 
3999 
32.0 
999.75 
1.6% 
49.8% 
--£.06 
Sign + 
6 Bits 


7 
256 
8031 
64.0 
2007.75 
3.2% 
100% 
0 
Sign + 
5 Bits 


I 


CelTT 
A~LAW 


i 


SPECIFICATION 
(MAXIMUM) 


i 


I 
I 
, 


I 
I 
I 


I 


I 


I 


I 
I 


I 


Am6073 
SPECIFICATION 


(MAXIMUM) 


I 
I 


various signal levels which can be distributed over the en- 
coder and decoder portions of a "one way" communication 
system. It is understood that encoder and decoder system 
portions are implemented with corresponding Companding 
OACs. For the Bell 03 system wlaw tracking specification, 
the -37dBmo 
and -50dBmo 
output current levels can be 


found between steps 11 and 12 on chord 1, and steps 8 and 
9 on chord 0, respectively. For the CCITT A-law compandor 
tracking 
specification, 
the 
-40dBmo, 
-50dBmo, 
and 
-55dBmo 
output current levels can be found in the corre- 
sponding A-law tables between steps 13 and 14 on chord 0, 
steps 4 and 5 on chord 0, and steps 2 and 3 on chord 0, re- 
spectively. Conversion of the requirements imposed by Fig- 
ures 11 and 12 to absolute current values produces corre- 
sponding 
absolute 
decode 
output 
current 
tables 
with 


minimum, ideal and maximum values specified for each step. 
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Fig. 12. Bell 03 System Compandor Tracking Specification. 
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TABLE 9 
ABSOLUTE DECODER OUTPUT CURRENT LIMITS IN /LA 
CONFORMING TO BELL 03 COMPANDOR TRACKING SPECIFICATIONS 


STEP 
CHORD 
NO. 


NO. 
0 
1 
2 
3 
4 
5 
6 
7 


-.250 
7.789 
24.048 
56.112 
120.24 
248.49 
505.00 
1018.02 


0 
.000 
8.250 
24.750 
57.750 
123.75 
255.75 
519.75 
1047.75 
.250 
8.739 
25.473 
59.436 
127.36 
263.22 
534.93 
1078.34 


.250 
8.733 
25.991 
59.998 
128.01 
264.04 
536.10 
1080.21 


1 
.500 
9.250 
26.750 
61.750 
131.75 
271.75 
551. 75 
1111.75 


.750 
9.798 
27.531 
63.553 
135.60 
279.69 
567.86 
1144.21 


.750 
9.677 
27.934 
63.885 
135.79 
279.59 
567.19 
1142.39 


2 
1.000 
10.250 
28.750 
65750 
139.75 
287.75 
583.75 
1175.75 


1.250 
10.857 
29.590 
67.670 
143.83 
296.15 
600.80 
1210.08 


1.250 
10.621 
29.878 
67.771 
143.56 
295.13 
598.28 
1204.58 


3 
1.500 
11.250 
30.750 
69.750 
147.75 
303.75 
615.75 
1239.75 
1.750 
11.917 
31.648 
71.787 
152.06 
312.62 
633.73 
1275.95 


1.750 
11.565 
31.821 
71.658 
151.33 
310.68 
629.37 
1266.76 


4 
2.000 
12.250 
32.750 
73.750 
155.75 
319.75 
647.75 
1303.75 
2.250 
12.976 
33.706 
75.904 
160.30 
329.09 
666.66 
1341.82 


2.250 
12.509 
33.764 
75.544 
159.10 
326.22 
660.46 
1328.94 


5 
2.500 
13.250 
34.750 
77.750 
163.75 
335.75 
679.75 
1367.75 
2.750 
14.035 
35.765 
80.020 
168.53 
345.55 
699.60 
1407.69 


2.750 
13.453 
35.707 
79.431 
166.88 
341.77 
691.56 
1391.13 


6 
3.000 
14.250 
36.750 
81.750 
171.75 
351.75 
711.75 
1431.75 
3.250 
15.094 
37.823 
84.137 
176.77 
362.02 
732.53 
1473.56 


3.250 
14.397 
37.651 
83.317 
174.65 
357.32 
722.65 
1453.31 


7 
3.500 
15.250 
38.750 
85.750 
179.75 
367.75 
743.75 
1495.75 


3.750 
16.154 
39.882 
88.254 
185.00 
378.49 
765.4 7 
1539.43 


3.750 
15.341 
39.594 
87.204 
182.42 
372.86 
753.74 
1515.50 


8 
4.000 
16.250 
40.750 
89.750 
187.75 
383.75 
775.75 
1559.75 


4.250 
17.213 
41.940 
92.371 
193.23 
394.96 
798.40 
1605.30 


4.248 
16.285 
41.537 
91.090 
190.20 
388.4 1 
784.83 
1577.68 


9 
4.500 
17.250 
42.750 
93.750 
195.75 
399.75 
807.75 
1623.75 


4.767 
18.272 
43.998 
96.488 
201.4 7 
411.42 
831.34 
1671.16 


4.720 
17.229 
43.480 
94.977 
197.97 
403.95 
815.92 
1639.87 


10 
5.000 
18.250 
44.750 
97.750 
203.75 
415.75 
839.75 
1687.75 


5.296 
19.331 
46.057 
100.604 
209.70 
427.89 
864.27 
1737.03 


5.192 
18.173 
45.424 
98863 
205.74 
419.50 
847.02 
1702.05 


11 
5.500 
19.250 
46.750 
101.750 
211.75 
431.75 
871.75 
1751.75 


5.826 
19.812 
48.115 
104.721 
217.93 
444.36 
897.21 
1802.90 


5.664 
19.675 
47.367 
102.750 
213.52 
435.05 
878.11 
1764.23 


12 
6.000 
20.250 
48.750 
105.750 
219.75 
447.75 
903.75 
1815.75 
6.356 
20.841 
50.174 
108.838 
226.17 
460.82 
930.14 
1868.77 


6.136 
20.647 
49.310 
106.636 
221.29 
450.59 
909.20 
1826.42 


13 
6.500 
21.250 
50.750 
109.750 
227.75 
463.75 
935.75 
1879.75 
6.885 
21.871 
52.232 
112.955 
234.40 
477.29 
963.07 
1934.64 


6.608 
21.619 
51.253 
110.523 
229.06 
466.14 
940.29 
1888.60 


14 
7.000 
22.250 
52.750 
113.750 
235.75 
479.75 
967.75 
1943.75 


7.415 
22.900 
54.290 
117.072 
242.63 
493.76 
996.01 
2000.51 
7.080 
22.590 
53.197 
114.409 
236.83 
481.68 
971.39 
1950.79 


15 
7.500 
23.250 
54.750 
117.750 
243.75 
495.75 
999.75 
2007.75 
7.944 
23.929 
56.349 
121.188 
250.87 
510.23 
1028.94 
2066.38 


STEP 
.5 
1 
2 
4 
8 
16 
32 
64 
SIZE 


The 
decoder 
output 
current 
values 
which 
comply 
with 
the 
Bell 


03 
compandor 
tracking 
requirements 
are 
presented 
in Table 


9. A similar 
table 
can 
be generated 
for the CCID 
A-law 
com- 


pandor 
tracking 
specification. 
The 
corresponding 
encode 
out- 


put 
values 
can 
be derived 
from 
the 
decode 
output 
values 
by 


adding 
a half a step 
to all entries 
in a given 
decode 
table. 
The 


specified 
limit 
values 
include 
the 
combined 
effects 
of 
chord 


end 
point 
deviations, 
step 
nonlinearity. 
encode 
output 
errors, 


full 
scale 
current 
deviation 
from 
ideal, 
full 
scale 
symmetry 
er- 


ror, zero 
scale 
current 
error, 
full scale 
drift, 
and 
output 
imped- 


ance 
change 
over 
the 
specified 
voltage 
compliance 
and 


temperature 
ranges. 
The 
adjacent 
step 
current 
levels 
in Table 


9 for 
any 
particular 
Companding 
OAC 
will 
not 
overlap, 
as 


might 
be implied 
from 
the 
presented 
minimum 
and 
maximum 


values, 
because 
the device 
is guaranteed 
to be monotonic. 


If the decode 
output 
limits 
for the wlaw 
Companding 
OAC are 


specified 
to be 
±1/2 
step 
from 
the 
ideal 
values, 
Table 
9 can 


be replaced 
by a similar 
table. 
The 
most 
important 
difference 


between 
the two 
tables 
would 
be found 
in the 
limit values 
cor- 


responding 
to 
the 
lower 
step 
current 
values 
in 
chords 
1 
through 
7. The 
approximate 
representations 
of ±1/2 
step, 
±1 
step 
limits 
and the corresponding 
Bell 
03 
compandor 
tracking 


limits 
in Table 
9 are illustrated 
in Figure 
13. 


Parametric Analysis and Recommendations 


A detailed specification for a digitaHo-analog converter should 
include information about important DAC parameters such as 
resolution, monotonicity, dynamic range, settling time, non- 
linearity, full scale and zero scale current errors, gain error, 
output voltage compliance, input, output and reference signal 
levels, operating temperature range, power supply range and 
power dissipation. 


The resolution of a DAC is determined by the maximum 
number of digital input combinations which can be used to 
generate analog output signals. The resolution for Com- 
panding DACs with sign-plus-7 bit digital data input signals is 
± 128 steps. A converter is monotonic if its analog output al- 
ways increases with an increase in the digital value of the 
input data code. Monotonicity for the Am6070/71/72/73 de- 
vices, is guaranteed over the full operating temperature range 
and for both groups of 128 steps. Two parameters which are 
used to describe nonlinear errors in a DAC's transfer function 
are the DAC's nonlinearity and the differential nonlinearity er- 
ror. The nonlinearity of a Companding DAC is defined as the 
maximum deviation of the actual output values from an ideal 
piece-wise linear characteristic calculated from measurements 
of the actual full scale and zero scale current values. These 
two current measurements can be used to compute the cor- 
responding theoretical chord endpoint values, and nonlinearity 
is measured as the difference between this calculated transfer 
characteristic and the actual current values at the output of 
the DAC. The differential nonlinearity of the device is a mea- 
sure of how much any single step current value varies with 
respect to its theoretical value, (calculated from the actual full 
scale output current). Differential nonlinearity of ±1/2 step will 
ensure monotonic behavior. These errors and all other trans- 
fer function related errors are specified for the Am6070 Com- 
panding DAC Family by the limit current values in the corre- 
sponding Absolute Decoder Output Current Level Table. 


The DAC's current outputs have a very high impedance, and 
the output current 
will 
not change its value 
significantly with 


changes in the applied voltage at the DAC's outputs. The out- 
put voltage compliance range is defined as the maximum 
range of voltages, at the DAC's output, that can be sustained 
while meeting the output current specifications. The absolute 


maximum output voltage swing, (IREF 
= S28",A), is specified 


between V- 
plus 10V and V- 
plus 36V, where V- 
is the 
Companding DAC's negative power supply. The maximum 
range for the reference inputs VR(-) 
and VR(+) is specified to 


be between the V- 
and V+ 
power supply values. 
The 


maximum power supply range, V+ to V-, 
is specified at 36V, 


and maximum power dissipation for temperatures less than 
100°C is rated at SOOmW. 


The settling time for a DAC is defined as the elapsed time, 
after an input code transition, required for the DAC's output to 
reach a final value within specified limits. These limits are 
generally ±1/2 of the corresponding step current value. The 
settling time is usually specified for the input code transition 
from zero scale to full scale value, and for the Companding 
DAC Am6070 family the typical value is 300ns. However, this 
is not the worst case transition. Because of the different step 
sizes, the output current settling error band changes as the 
chord current changes, becoming smaller for lower chords. 
Settling times in chord 7 are measured when the output set- 
tles within ±32",A of its final value, while settling times in 
chord 0 are measured when the output settles to within 
±.2S",A of it's final value. The worst case transition is, there- 
fore, the transition from full scale current down to zero scale 
current value, and requires a settling time of 4",s for wlaw 
DACs and 2.S",s for A-law DACs. 


The currents of each of the four Companding DAC's analog 
outputs can be measured using the circuit shown in Figure 
14. This circuit contains 4 resistors, R1, R2, R3, R4, and two 
operational amplifiers, A1 and A2. Resistor tolerances of 0.1% 
give 0.1% output measurement error (approximately 2",A at 
full scale). The input offset current of the operational amplifier 
also increases the output measurement error. This error is 
most significant near zero scale. The Am101A and Am308 
devices, for example, may be used for A1 and A2, since their 
maximum offset currents which would add directly to the 
measurement error, are only 10nA and 1nA, respectively. The 
input offset voltage of the amplifiers, with output resistor val- 
ues of 2.SkO, also contributes to the output measurement 
error by a factor of 400nA for every mV of offset voltage. 
Therefore, to minimize this error, the offset voltages of A1 and 
A2 should be nulled. 


TEST 
OUTPUT 


GROUP 
E/D 
S8 
MEASUREMENT 


1 
1 
1 
IOE (+) 
(E011A1) 


2 
1 
0 
'OEI-I 
(E01/R21 
3 
0 
1 
100 
(+1 
IE02/R31 


4 
0 
0 
1001-1 
(E02/R41 


The recommended operating range for the reference current 
IREFis 0.1mA to 1.OmA. The full scale output current, IFS' is a 
linear function of the reference current, and may be approx- 
imated using the equation IFS = 3.9·IREF. This tight relation- 
ship alleviates the requirement for trimming the IREFcurrent if 
the RREF resistors' values are within ±1% of the calculated 
value. Lower values of IREF will reduce the negative power 
supply current, and will increase the reference amplifier nega- 
tive common mode input voltage range. However, the device 
accuracy specifications are not guaranteed at reference cur- 
rents below 0.5mA. 


The ideal value for the reference 
current, 
(VREF/RREF), is 


528!-,A for wlaw 
and 512!-,A for A-law Companding 
DACs. 
The corresponding ideal full scale decode current values are 
2007.75!-,A and 2016!-'A, respectively. A percentage change 
from the ideal IREFvalue produced by changes in the VREFor 
RREF values produces the same percentage change in the 
decode and encode output current values. The positive volt- 
age supply, V+, 
may be used, with certain precautions, for 


the positive reference voltage. In this case, the reference re- 
sistor RREF(+l should be split into two resistors and their junc- 
tion bypassed to ground with a capacitor of about O.Ol!-,F. 
The total resistor value should provide the required reference 
current. 
The RREF(-) resistor 
value should 
approximately 


equal the RREFI+) value in order to compensate 
for errors 


caused by the reference amplifier's input bias current. 


An alternative to the positive reference voltage biasing is the 
application of a negative voltage to the VRI-) terminal through 
the resistor RREF(-l with the RREFI+l resistor tied to ground. 
The advantage of this arrangement is the presence of very 
high impedance at the VR1-l terminal while the reference cur- 
rent flows from ground through RREFI+l into the VR(+l termi- 
nal. 


The Companding DAC can be used as a multiplying DAC by 
varying the reference current. It is important that the reference 
current have a DC component that guarantees 
an uninter- 


rupted flow of current INTO the VR(+) terminal. The input ref- 
erence 
amplifier 
has sufficient 
bandwidth 
and slew 
rate, 


(0.12mN!-,s minimum), to handle small signal inputs up to 5% 
of reference current at frequencies up to 500KHz, and large 
signal inputs of up to 50% of reference current at frequencies 
up to 80kHz. 


The Companding DAC has a wide output voltage compliance 
suitable for driving a variety of loads. Using the ideal recom- 
mended value for IREFand V- 
= -15V, 
the positive voltage 


compliance limit is +18V and the negative voltage compliance 
limit is -5.0V. 
For other values of IREFand V-, 
the negative 


voltage compliance 
limit, Vac(-), 
may be calculated 
as fol- 
lows: 


Voc(-) 
= (V-) 
+ 2 (IREF• 1.55kO) + 8.4V, 


where 1.55kO and 8.4V are equivalent worst case values for 
the Companding DAC. 


The VLC input controls the input logic threshold voltage, allow- 
ing the device to interface with various logic families. This 
input should be placed at a potential which is l.4V 
below the 
desired logic input switching threshold. Two external discrete 
circuits which provide this function for non-TTL driven inputs 
are shown in Figure 15. For TTL-Ievel logic inputs, the VLC 
input should be grounded. If negative voltages are applied at 
the digital logic inputs, they must have a value which is more 
positive than -5V. 


TO PIN 10 
"lC 


~OO~A ~) 


-5.2V 
Notes: 
1. Set the voltage "A" to the desired logic input switch- 


ing threshold. 
2. Allowable range of logic threshold is typically -5V to 
+ 13.5V when operating the companding 
DAC on ± 


15V supplies. 
L1C-032 


Fig. 15. Interfacing Circuits for ECL, 
CMOS, HTL and NMOS Logic Inputs. 


With the V- 
voltage between -15V 
and -llV, 
the VOCI-) 


value, the input reference common mode voltage range, and 
the logic input negative voltage range are reduced by an 
amount equivalent to the difference between -15V 
and the 


V- 
value chosen. With V+ between +5V and +15V, the re- 
ference amplifier common mode positive voltage range and 
the VLC input values are reduced by an amount equivalent to 
the difference between +15V and the V+ value chosen. 


Basic Circuit Connections 


The Companding DAC belongs to the class of multiplying D to 
A converters with true current outputs. The input reference 
current can be generated by a unipolar constant reference 
voltage source or by a bipolar AC reference voltage. The 
applied bipolar reference source usually modulates the refer- 
ence current, IREF, supplied from the constant reference volt- 
age as shown in Figure 16. Figure 16a shows a high input 
impedance configuration where the bipolar input signal VIN 
modulates the voltage level at the VRI+) input by forcing the 
voltage across RREF to be VREF 
- 
VIN, which in turn modifies 


'REF' 
Figure 16b shows low input impedance connections, 


where IREF equals the sum of the DC reference current from 
VREF and the AC input current from VIN. For both low imped- 
ance and high impedance connections, the minimum ref- 
erence current value at the reference input, VRI+) should be 
at least 0.1mA and the maximum value should not exceed 
1.0mA. 


The wide output voltage compliance range, (-5V 
to +18V 


with 
'REF 
= 528/LA 
and V- 
= -15V), 
allows a variety of 


loads to be driven. Two typical connections are shown in Fig- 
ure 17. Voltage output relationships for single ended and dif- 
ferential resistive output connections are described in the out- 
put voltage table of Figure 17a. The reference current in this 
resistive load example is set to be 528/LA (wlaw Companding 
DAC). The resulting negative voltage generated by the cur- 


VREF 


+10V 


RREF+ 
18.94kn 


R'N 


IAEF 
= (VREF 
- 
V1NlIRREF+ 


IFS::::: 
41AEF 


IREF 
= VINIAIN 
+ VAEF/AREF+ 


RREF- 
'" (RREF+ 
• R1N)/(RAEF+ 
+ R1Nl 


'FS::::: 
41REF 


rents at the outputs 
A, S, and C, does not exceed the 


minimum value of -5V, which corresponds to the lower limit 
of the output voltage compliance range. In the example with 
balanced load connections, the sum of the common mode 
voltage, VCM, 
and the differential voltage across the load 


should also be within the -5V and +18V output voltage com· 
pliance limit. 


OUTPUT 
VOLTAGE 
(V) 


INPUT CODE 
IE/D, 
5B, B1, . 
" B71 
"A" 
"B" 
"c" 
DIFF 


101111111 
a 


101101111 
+5.02 
N/A 
NJA 
N/A 


10 000 0000 
+10.00 


01 111 
1111 
-5.00 
+5.00 
-10.00 


01 1101111 
+0.02 
+5.00 
-4.98 
01 000 0000 
+5.00 
+5.00 
a 


00 000 0000 
N/A 
+5.00 
+5.00 
a 


001101111 
+5.00 
+0.02 
+4.98 


00" 
1 1111 
+5.00 
-5.00 
+10.00 


IlaJ 
IlaJ 


Operational amplifiers and/or comparators can be driven by 
Companding DACs. The circuits shown in Figure 18 demon- 
strate various voltage ranges which can be achieved at the out- 
puts of operational amplifiers. The circuit in Figure 18a pro- 
vides OV at the op-amp output whenever the Eli) input is set 
to logic 1. When the circuit is in the decode mode, E/i) = 0 
the output voltage polarity is determined by the sign bit 
input level. With the sign bit set low, the 100(-) output is ac- 
tive and the corresponding full scale output current, IFS = 
2mA, will generate a maximum negative voltage of -5V at the 
op-amp's positive input. The chosen resistor values and their 
connections 
provide the op-amp with a gain of 2 and a 
maximum negative output voltage of -10V. 
With the sign bit 


set high the 100(+)output is active and the op-amp's negative 
input will be held at virtual ground. With a full scale current of 
2mA flowing into the 100(+) pin, the op-amp will act as a 
transconductance amplifier supplying 2mA to the 100(+) pin 
via the 5kO feedback resistor. This current will generate a 
maximum of + 1OV at the output, which will make the total 
output voltage swing between -10V and +10V. The circuit in 
Figure 18b similarly provides a voltage swing between -5V 
and +5V across the output capacitor. The output dynamic 
range expander circuit connections, shown in Figure 19, ex- 
tend the wlaw Companding DAC's dynamic range from 72dB 
to 78dB. The A-law Companding DAC's dynamic range can 
be similarly increased from 62dB to 66dB. In this circuit, the 


outputs 100(+) and 10E(+)are lied together, and 100(-) and 
10E(-) are tied together; the E/D input is used as a fifth step 
which represents the least significant digital data input, and 
provides the desired interleaving between the encode and de- 
code current levels. Each chord now contains 32 uniform 
steps, with the smallest step size value 0.25!-,A and the 
largest value 32!-,A.The resulting full scale current is equal to 
the corresponding full scale encode current value, and the 
ratio between the full scale current value and the smallest cur- 
rent step value, IFs/0.25, exceeds 8000 for the wlaw Com- 
panding DAC. The smallest and the largest current step sizes 
will generate 0.625mV and 80mV changes, respectively, at 
the op-amp output. 


Digital inputs 5B and E/D can be used together with data 
inputs B1 through B7 to provide an output multiplexing capa- 
bility when connected as shown in Figure 20. The logarithmic 
digital attenuator circuit combines the companding DAC's mul- 
tiplying capabilities with the multiplexing function which is 
accomplished by using the 5B and E/D inputs as channel 
select inputs. The analog signal, V1N, 
applied at the VR(-) 


reference input can be attenuated by approximately 0.3dB per 
step and 6dB per chord, throughout 
most of the output 


dynamic range. The 5B and E/D inputs provide signal switch- 
ing combinations which will multiplex the attenuated analog 
signal into four different analog channels. 
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For applications where the output dynamic range is to be 
smaller than l8dS, the circuit connection shown in Figure 21 
can be used. With given VREFand V1Nvalues, there are three 
resistor values, RREF'Rl, and R2, which need to be deter- 
mined. The starting assumption is that a maximum gain of 
unity from V1Nto VOUT, (OdS), is achieved with all digital 
inputs set to logic 1. The digital inputs all set to logic 0 will 
determine the minimum gain of the circuit and consequently 
the desired output dynamic range. Considering the currents 
flowing through resistors Rl, 
R2, and RREF'and the DAC's 
output with digital inputs at all 1's, the following relationships 
can be established: 


IR1= V'ouT/Rl = lOUT+ IR2;lOUT= 3.8 'REF;IR2= V1N/R2; 
IREF= (VREF- VIN)/RREF 
(1) 


The relationship between output voltages V'OUT and VOUT 
and input voltages, VREFand V'N, can be expressed as fol- 
lows: 


V'OUT= 3.8 (Rl/RREF)VREF- 
[3.8(Rl/RREF) + Rl/R2] ·V1N 


(2) 


In order to have unity gain, VouTlVlN 
1, the coefficient for 


V1Nin the equations (2) must also be 1: 


Two additional conditions for calculating RREF' Rl 
and R2 


values are the minimum gain value Gmin, and the require- 
ments for the minimum and maximum 'REFvalues, 0.1mA and 
1mA, respectively: 


Gmin,dB= 20 log [VouTIVIN] = -20 
log (R2/Rl), 
(4) 


and 
0.1mA .;; (VREF- VIN)/RREF.;; 1mA 
(5) 


The op-amp output in Figure 21 has a DC component that will 
be attenuated as well as the AC input signal. The output 
coupling capacitor is used to remove the DC level. However, 
during switching, the change in DC level will cause a step 
transient or "click" at the output. 


Operating Modes 


The 
Companding 
DAC 
has two 
basic 
operating 
modes, 
de- 


code 
and 
encode, 
which 
are 
controlled 
by 
the 
Encode/ 


Decode, Ei5, input signal. 
A logic 0 applied 
to the Ei5 input 


places the Companding 
DAC in the decode 
mode, 
and current 


will 
flow 
into 
the 
10Dl+) 
or 
10D(_) 
output, 
depending 
on the 


state 
of the 
sign 
bit, 
SB, 
input. 
A logic 
1 at the 
E/5 
input 


places 
the Companding 
DAC 
in the encode 
mode, 
which 
dif- 


fers 
from 
the 
decode 
mode 
by a half 
step 
offset 
current 
in 


each chord, 
and current 
flows 
into one of the 
10E outputs. 


The 
basic 
decoder 
connection 
for 
the 
Companding 
DAC 
is 


shown 
in Figure 
22. The E/O input is grounded, 
which 
keeps 


the Companding 
DAC 
in the decode 
mode. 
The 
eight 
digital 


data 
inputs 
generate 
an output 
decode 
current 
which 
is con- 


verted 
by an operational 
amplifier 
to a bipolar 
voltage, 
Eo. 
Several 
discrete 
Eo values 
are tabulated 
in Figure 
22 for both 


wlaw 
and A-law 
versions 
of Companding 
DACs. 
The values 


indicated 
in parenthesis 
correspond 
to the A-law 
Companding 


DAC. 


The 
Companding 
DAC can be used together 
with 
a Succes- 


sive 
Approximation 
Register, 
SAR, 
a comparator, 
and 
addi- 


tional 
SSI 
logic 
elements 
to 
perform 
the 
encoding 
or com- 


pression 
of an analog 
signal. 
The 
circuit, 
Figure 
23, 
repre- 


sents 
an Analog-to-Digital 
data 
conversion 
system. 
The 
first 


task of this system 
is to determine 
the polarity 
of the incoming 


analog 
signal 
and 
to 
generate 
a corresponding 
SB 
input. 


When 
the proper 
START, S, and CONVERSION 
COMPLETE, 


CC, signal 
levels 
are set, the first clock 
pulse 
sets 
the 
MSB 
output 
of the 
SAR, 
Am2502, 
to a logic 
0 and 
sets 
all other 
parallel 
digital 
outputs 
to logic 
1 levels. 
At the same 
time, the 


flip-flop 
is triggered, 
and its output 
provides 
the E/O input with 


a logic 0 level. 
No current 
flows 
into the 
10E outputs. 
This dis- 


connects 
the 
converter 
from 
the 
comparator 
inputs, 
and 
the 


incoming 
analog 
signal can be compared 
with ground 
which 
is 


applied 
to the opposite 
comparator 
input. 
The 
resulting 
com- 


parator 
output 
is fed 
to the 
Am2502 
serial 
data 
input, 
D, 


through 
an 
exclusive-or 
gate. 
At 
the 
same 
time, 
the 
other 


input to the exclusive-or 
gate is held at a logic 0 level by the 
logic 
shown 
in Figure 
23. 
This 
exclusive-or 
gate 
inverts 
the 


comparator's 
outputs 
whenever 
a negative 
signal 
polarity 
is 


detected. 
This maintains 
the proper 
output 
current 
coding, 
i.e., 


all ones for full scale and all zeros for zero scale. 


The second 
clock 
pulse changes 
the 80 input back to a logic 


1 level 
because 
the CC signal 
changes. 
It also 
clocks 
the 
D 
input signal 
of the Am2502 
to its MSB output, 
and transfers 
it 


to the SB input of the Companding 
DAC. Depending 
upon the 
SB input level, the Companding 
DAC's 
output 
current 
will flow 
into the 
10El+) 
or 10El-) 
output. 


E/O 
SB 
B1 
B2 
B3 
B4 
B5 
B. 
B7 
EO 


POSITIVe 
FULL 
SCALE 
0 
1 
1 
1 
1 
, 
1 
1 
1 
5.040'1 


C+l ZERO 
SCALE 
+1 STEP 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0.004\1' 


(+1 ZERO 
SCALE 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0.0012\1' 


I 
) ZERO 
SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.0012\1 


I 
) ZERO 
SCALE 
+,1 
STEP 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0.004\1' 


NEGATIVE 
FULL 
SCALE 
0 
0 
1 
I 
1 
1 
1 
1 
, 
5.040'1 


Fig. 22. Detailed Companding DAC Decoder Connection. 
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Nine clock pulses are required to obtain a digital, 
non- 


complemented, binary representation of the incoming analog 
signal at the eight Am2502 digital outputs. The resulting 
analog output signal is compared with the analog input signal 
after each of the nine successive clock pulses. The analog 
input signal should not be allowed to change its value during 
the data conversion 
time. 
In high speed systems, 
fast 


changes of the input analog signals are usually prevented by 
using sample and hold circuitry. 


When the Companding DAC is used in a feedback loop with a 
SAR, the data input transitions in the successive approxi- 
mation search technique exhibit a maximum change of two 
adjacent bits, and the starting pattern is 0111 1111. The next 
successive 
pattern after the first iteration, 
will be either 


00111111 or 10111111. The worst case settling times are ex- 
perienced during step bit changes in chord 0, where the out- 
put current must settle to ±0.25fLA. The worst case settling 
time is about 600ns for code changes in the upper end of 
chord zero and 1800ns for code changes near zero. The sys- 
tem clock must take into account the settling time of the DAC, 
the switching speed of the comparator and the time delays in 
the SAR. In general, the DAC is the slowest component, 
(comparator Am311's delay is about 200ns and SAR delays 
are about 46ns), and will determine the clock rate. For op- 
timum accuracy the clock rate should accommodate 
the 


1800ns settling time near zero scale current. However, faster 
clock rates (1100ns-1800ns) can be used with some degrada- 
tion in accuracy for signals near zero. 


Microprocessor Based Data Acquisition 
Systems Applications 


High output resolution with guaranteed monotonicity over its 
entire dynamic range and digitally controllable inputs makes 
the Companding DAC very attractive for application in data 
acquisition and control systems. The encoding capability, in 


particular, provides an acquisition system with considerable 
flexibility, limited only by the rate of change of the acquired 
analog input signals. 


A typical data acquisition system using the Companding DAC 
is shown in Figure 24. The A to D data conversion procedure 
is controlled by the 9080A Microprocessor set, (Am9080A 
8-bit Microprocessor, Am8224 Clock Generator and Driver, 
and Am8238 System Controller and Bus Driver). The START 
one-shot circuit, Am26S02 will be activated by the START 
ND command, (CS = 0, lOW = 0), which will initiate the A to 
D procedure 
by setting the S input of the SAR circuit, 


Am2502, to a logic O. The width of the one-shot pulse must 
be greater than the period of the DATA CLOCK signal to ini- 
tialize the SAR logic. The duration of DATA CLOCK period 
must accommodate the worst settling time of the DAC and 
comparator Am311, to ensure valid data at the SAR input. 
The one-shot circuit may be eliminated, provided that the ex- 
pected worst case settling time does not exceed 1fLS and the 
SYSTEM CLOCK, cf>l, 
does not exceed 2MHz. The first data 


clock after S goes low sets the CC output high, which in turn 
switches the input sample and hold circuit, (LF198), into the 
hold mode and puts the microprocessor into a wait state. After 
eight SUbsequentDATA CLOCK periods, (8 x 2fLS), 
the con- 
version complete signal, CC, changes from logic 1 to logic 0, 
which puts the S & H circuit into the sample mode and allows 
the microprocessor to resume its functions by removing the 
logic 0 from the.£lDYIN input of the Am8224 chip. With a logic 
1 at the SAR's S input, the DATA CLOCK cannot change the 
SAR's digital data outputs after completion of conversion. 
Thus, these outputs will be stable and available for sub- 
sequent interrogation. The microcomputer will issue a READ 
ND 
command, (CS = 0, lOR = 0), which enables the three- 


state data buffer, Am25LS241, and transfers the data outputs 
of the SAR to the system data bus and into the micro- 


l 


OTHER 


ROYIN 


SIGNALS 


processor's accumulator. A subsequent memory write com- 
mand, then stores this data in the desired memory location. 
For the next A to 0 data conversion, the microprocessor must 
generate another START NO signal. An A to 0 data acqui- 
sition can be achieved using only three 9080A instructions. 


OUT (to AOC device) -generation of START NO command 
IN (from AOC device) -generation of READ NO command 
STA (to MEMORY) 
-store digital representationof the 
acquired analog signal into memory 


If the required nine DATA CLOCK periods present a prohib- 
itively long wait state for the processor, the A to 0 procedure 
can be more efficiently handled using a suitable interrupt 
scheme. The logic shown in Figure 25 illustrates the A to 0 
and 0 to A conversion using three interrupts. The external in- 
terrupt signal, VALID RECEIVE DATA, which initializes the A 
to 0 conversion, is received and processed by the Am9519 
Universal Interrupt Controller. It's output, GINT, is recognized 
by the 9080A Microprocessor logic and generates the INTA 
signal at the output of the Am8238. The VALID RECEIVE 
DATA signal will cause the receive S & H circuit to switch into 
the hold mode after 5/Ls, via Am26S02 and associated flip- 
flop circuitry. This delay is needed to satisfy the sample time 
requirements for the (Am)LF398 S & H circuit, with Ch = 
1000pF. This one-shot circuit may be eliminated if the analog 
input data is maintained unchanged for about 25/Ls after rec- 
ognition of the VALID RECEIVE DATA signal. Upon receipt of 
an INTA signal, the Am9519 provides the address of an 
appropriate subroutint>to the CPU. This subroutine will initiate 
the A to 0 conversion by generating the START NO com- 
mand. After A to 0 conversion is complete, the DATA READY 
signal, identical to the CC signal, generates an interrupt for 
the 9080A microprocessor to read and store the results of the 
A to 0 data conversion via an octal, non-inverting, three-state 
driver, the Am25LS241A. The CC signal at the same time will 


switch the receiving S & H circuitry into the sample mode. 
Two sequences of 9080A instructions which perform the ac- 
quisition operationsdescribed are detailed in Table 10. The cor- 
responding functional flow charts are shown in general form in 
Figure 26. 


The addition of SSI logic shown in Figure 25 generates sig- 
nals CS2 and CS3 which transmit an analog signal generated 
by the OAC from digital information stored in the system 
memory. An external interrupt request for transmission of the 
analog signal, TRANSMISSION REQUEST, will initiate the 0 
to A conversion subroutine. A corresponding word in memory 
will be fetched into the 9080A accumulator and then latched 
into the Am25LS374, Octal 0 type register, via signals CS2 
and lOW. At the same time, the non-inverting three-state data 
bus transceivers, Am8T28, will be turned to the direction 
which corresponds to the 0 to A conversion procedure. The 
latch captures valid 9080A accumulator data, which will be 
used as the digital inputs throughout the 0 to A conversion 
procedure. The next instruction in sequence will be a com- 
mand ~tart 
sa~ng 
the Companding OAC's decode out- 


puts, (CS3 = 0, lOW = 0), which will be already settled. As- 
suming that one 9080A I/O instruction takes about 5/Ls at a 
system clock frequency of 2MHz, the next command in the in- 
struction sequence may generate a signal VALID TRANS- 
MISSION DATA, (CS3 = 0, lOR = 0), which will put the trans- 
mission S & H circuitry into the hold mode and return the data 
transceivers, Am8T28, to the direction which corresponds to 
the A to 0 conversion procedure. Input data for the Com- 
panding OAC is supplied by the SAR circuitry. A sequence of 
9080A instructions which could handle the D to A conversion 
procedure and analog signal transmission through the pro- 
gramming I/O interrupt scheme shown, is presented in Table 
10. The correspondingfunctional flow chart is shown in Figure 
26. 
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TABLE 10 
INTERRUPT SUBROUTINES FOR SINGLE CHANNEL DATA TRANSCEIVING 
CONVERTER SYSTEM IMPLEMENTED WITH 9080A INSTRUCTIONS 


VALID 
RECEIVE 
DATA 
Interrupt 
Subroutine: 
OUT (to ADC) 
- Generate 
START NO command. 


EI 
- 
Enable other CPU interrupts. 


RET 
- 
Return 
to main program. 


DATA READY 
Interrupt 
Subroutine: 
STA (to TEMP) 
- 
Save accumulator content. 


IN (from ADC) 
- 
Read 
digital results from SAR outputs 
into accumulator. 


STA 
(to Memory) 
- 
Store 
accumulator's 
content 
into memory. 


LOA (from TEMP) 
- 
Restore 
accumulator's 
content 
before 
subroutine. 


El 
- 
Enable other CPU interrupts. 


RET 
- 
Return to main program. 


TRANSMISSION 
REQUEST 
Interrupt 
Subroutine: 


STA (10 TEMP) 
- 
Save Accumulalor 
content. 


LOA (from DATA) 
- 
Load accumulator 
with digital data which will be converted 
to an analog 
signal: 


OUT (to LATCH) 
- 
Output data for 0 to A conversion to the latch circuit and START D/A con~n. 
OUT (to DAC) 
- 
Generale 
Transmission 
SAMPLE 
command 
for S & H circuitry, 
CS3 = 0, lOW = O. 
. 


IN (from DAC) 
- 
Generale 
Transmission 
HOLD command 
for S & H circuitry, 
and VALID TRANSMISSION 
DATA signal. 


LOA (from TEMP) 
- 
Restore accumulator's content before interrupt subroutine. 


EI 
- 
Enable other CPU interrupts. 


RET 
- 
Return to main program. 


Motion Control Systems Applications 


The high resolution and accuracy of the Companding DAC 
transfer function for small output signal levels provide a very 
smooth and precise analog control signal to devices whose 
outputs are voltage or current dependent. However, when 
major disturbances are detected in the system, the Com- 
panding DAC will produce correspondingly larger control 
analog signals which cause very fast output response of the 
controlled analog device. Figure 27 shows the Companding 
DAC used in a feedback loop to provide a small analog error 
signal to control the speed and direction of a voltage con- 
trolled motor in order to properly position the shaft. The shaft 
encoder generates an 8-bit digital word which represents the 
current shaft positionof the motor. 


There are 256 discrete positions of the shaft which can be 
identified at the shaft encoder's output. This output will be 
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sampled and latched using an 8-bit register, Am25LS273. The 
sampling rate is determined by dividing the time for one shaft 
revolution at the motor's highest speed by 256. The maximum 
rate will 
be limited 
by propagation 
delays through 
the 
comparator and ALU chips and by the settling time of the 
Companding DAC. The output of the shaft position sampling 
register, data "B", is digitally compared with the desired shaft 
position, data "A". The magnitude of the difference between 
digital words "A" and "B" is directly porportional to the error 
of the motor shaft position. The sign of this digital subtraction 
provides information about the polarity of the analog error sig- 
nal which drives the motor in the direction necessary to de- 
crease the error. The speed of the motor is proportional to the 
magnitudeof the error IA-BI . The sign and magnitude of the 
error are determined by two comparator chips, (Am9324 
Four-Bit Comparator), 
and two ALU chips, (Am25LS381 


ANALOG 


OUTPUT 
(+) 


(SHAFT 
ERROR) 


DIGITAL 


INPUT 
(+) 


{jA-BIl 


Figure 27. Nonlinear, Computer Controlled, Digltal-to-Shaft-Position 
Conversion System. 
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Four-Bit Arithmetic Logic Unit). The end of the motor shaft 
correction procedure is indicated to the computer via the 
comparator's output "A=B". 


The eight digital 
bits of the error magnitude 
IA-BI 
are 


applied to the seven data inputs of the Am6070 and to the 
E/D input. The Am6070 outputs are connected to provide 32 
steps per chord, which totals 256 steps or a 78dB output 
dynamic 
range. The smallest 
and largest step sizes are 


O.251-'Aand 321-'A,respectively. The sign bit value is taken 
from the "A>B" 
output of the comparator circuit, and deter- 
mines the polarity of the op-amp, (Am)LF356, output voltage. 


The computer function in Figure 27 is mainly confined to ini- 
tializing the shaft correction procedure by latching the desired 
shaft position, data "A". Clear commands may be issued dur- 
ing the power-up procedure in order to bring the motor shaft 
to some initial position. The application of the Companding 
DAC with its nonlinear transfer characteristic 
and its non- 


uniform step sizes which are proportional to the magnitude of 
the error, 
IA-BI, 
significantly reduces system transient re- 


sponse effects such as over-shoots and ringing while mini- 
mizing the time required to reach the new shaft position. The 
system can be programmed to be either critically damped 
(minimum response time) or under damped (no overshoot). 


Figure 28 shows a Companding DAC in a feedback loop 
which provides small analog error signals for control of the 
velocity of a voltage controlled motor. This is a paper cutting 
control system where paper is unwound from a feed roll and 
cut to size by a mechanical knife. In this application the Com- 
panding DAC is in the velocity feedback path and its output is 
used to generate a velocity profile command signal. The 
motor rotation is initiated from a front panel by depressing the 
START button. A COUNT-UP command from a micropro- 
cessor sets the binary counter to its count up mode, which 
drives the Companding DAC inputs. When some predeter- 
mined number of counts has been reached, the counter stops 
and the Companding DAC is held at a constant output value. 
The incremental encoder produces pulse counts proportional 
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to the distance of paper travel. The desired paper size ex- 
pressed as a number of incremental encoder pulse counts is 
stored in a CPU storage register. The outputs of the incre- 
mental encoder are constantly accumulated in an internal 
CPU counter and are compared with the content of the CPU 
storage register throughout the entire velocity control proce- 
dure. When a match is found, the corresponding COUNT 
DOWN command is issued to the counter, the internal counter 
is cleared, and a new value is loaded into the internal storage 
register. 


The values which control the velocity of the motor are stored 
in a register, external to the CPU, and its content is compared 
with the outputs of a binary up/down counter during the 
motor's acceleration and deceleration phases. Whenever a 
match is achieved, an interrupt signal will be generated and 
the working mode of the external counter changes. The final 
stop position is approached in a well controlled manner which 
stops the paper and cuts it with a minimum of overshoot and 
error. 
Figure 29 shows the necessary logic for generation of the 
velocity profile control signal. The CPU will first load the ex- 
ternal storage register, Am25LS273, via the LOAD signal, to 
the desired count-up value for the external up/down counter, 
Am25LS193. Upon recognition of the START request, the 
CPU issues the COUNT-UP command which enables the 
8-bit comparator chip, Am25LS2521. The zero initial digital 
code at the Companding DAC inputs produces zero voltage at 
the output, VOUT' 
Every enabled conversion clock pulse will 


increase the Companding DAC output current by a corre- 
sponding amount, and the VOUT increases in accordance with 
the Companding DAC transfer characteristic. This portion of 
the velocity profile control signal corresponds to the motor ac- 
celeration phase. When the counter outputs match the content 
of the external storage register, the interrupt signal INT1 is 
generated, and the UP flip-flop is reset. 
This stops the up/down counter and the motor continues to ro- 
tate with a constant velocity, V1. Duration of the acceleration 
phase depends on the value initially stored in the external 
storage register and the frequency of the conversion clock. 
Upon recognition of the INT1 signal, the CPU will load a new 
value into the external storage register, which is used to de- 
celerate the motor from velocity V1 to a lower velocity, V2. 


During the constant velocity phase, V1, the encoder pulses 
accumulate in the CPU counter until the value "m", stored in 
the CPU internal storage register, is reached. At this time the 
CPU will issue a COUNT DOWN command and reload the in- 
ternal storage register with the value "n". The sum of these 
two values, m+n, should represent the length of the paper 
expressed in encoder pulses. This value is "p" pulses shorter 
than the desired ideal paper length. 


The COUNT DOWN command initiates the count-down mode 
of the external up/down counter, PHASE I, and enables the 
comparator. When the counter outputs match the value stored 
in the external storage register, the interrupt signal INT2 is 
generated and counting stops. The motor continues to rotate 
with some constant velocity, V2, which is significantly smaller 
than velocity V1. This velocity, V2, is a function of the conver- 
sion clock frequency and the motor's mechanical parameters 
such as inertia, weight, etc. The mechanical parameters may 
cause synchronization difficulties between the second decel- 
eration phase of the voltage waveform at VOUT and the actual 
velocity of the motor. The velocity V2 is much smaller than V1 
and allows a smooth, well controlled stop of the motor at the 
end of the PHASE II of count-down mode, and thus ensures 
the smallest possible overshoot and error. 
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The INT2 signal automatically clears the external storage reg- 
ister to all zeros and informs the CPU that the deceleration 
PHASE I is complete. The CPU continues, internally, to ac- 
cumulate the encoder pulses until their number becomes "n". 
At this time the CPU issues a new COUNT DOWN command 
to initiate PHASE II of the count-down mode, and reloads the 
internal storage register with a final number "p". This number, 
when summed with the previous two numbers "m" and "n", 
determines the final length of paper, m+n+p, 
and is accumu- 
lated in the internal CPU counter during PHASE II of counter's 
count-down mode. At the end of this phase, the INT3 signal is 
generated and counting stops. The number of encoder pulses 
in the internal counter will be compared with the number "p" 
stored in the internal storage register. If a satisfactory match 
is found, the CPU issues a CUT command to the paper cut- 
ting station and the paper is cut to the desired size. Finally, 
the CPU issues the CLEAR command to initialize the INT 
flip-flops and clear the internal counter. It also reloads both in- 
ternal and external storage registers with appropriate values, 
so that a new velocity profile control signal can be generated. 
Much of the logic shown could be implemented in software, 
but this would require that much of the microprocessor re- 
sources be dedicated to this speed control function. 
Audio System Applications 


Audio system equipment applications 
require signal con- 


verters which can process bipolar analog audio signals within 
a ±10V range. A DAC, in an audio system, provides digital 
gain and/or attenuation of input audio signals. This requires a 
multiplying DAC, i.e., it must accept an audio signal either in 
single ended or differential form, and process it as a function 
of the digital control inputs. Ideally, an audio level control de- 
vice provides an equal change, in dS, of relative signal level 


between any two adjacent digital codes or steps throughout 
its entire output dynamic range. However, differences be- 
tween steps which exceed ldS can be annoying to the human 
ear. For high quality audio systems, the DAC must have low 
signal distortion, (on the order 0.05% or less over most of the 
dynamic range), large working dynamic range, (BOdS or 
more), wide bandwidth, large signal to noise ratio, SIN, (BOdS 
or more), and transient-free output gain-change operation 
which is independent of digital input states. 


The Companding DAC with its multiplying feature and its abil- 
ity to extend its dynamic range up to lBdS, satisfies or ex- 
ceeds most of these requirements. It handles audio input sig- 
nals up to ±10V, and its output signal distortion is 0.02% or 
less over most of the audio signal range. Its nominal level! 
step resolution is 0.15dS, and its SIN ratio is BOdSor better 
when referred to a 1V output. However, its total useful audio 
dynamic range, with a maximum 1dS difference between two 
adjacent steps, is only 59dS, and its output exhibits DC gain 
step transient effects, due to the required DC bias current. 


The Companding DAC's DC output current potential "click" ef- 
fects must be suppressed for applications in audio systems 
where there are large changes in the digital input code. Figure 
30 shows the connection for the necessary DC output current 
compensation. The output dynamic range can be adjusted by 
varying the value of resistor R2. To suppress the DC step 
transients, the current 
12 compensates for all DC changes in 
current '1' The '3 current reflects only the AC changes in cur- 
rent 11 and the current through resistor R2 due to changes in 
the V1N signal. This allows the attenuated V1N signal to be DC 
coupled through op-amp A2. The maximum gain for the circuit 
is assumed to be unity, (OdS),when all digital inputs are set 
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at logic 1. A determination of the resistor values RREF+,R1 
and R2, was discussed in the section on the AC coupled digi- 
tal attenuator. The RREF- value should be identical to RREF+ 
value and the R3 and R4 values must be equal, so that the 
current, '2, will compensate for the DC component of I,. 


The 1dB audio resolution requirement truncates approximately 
.19dB from the Companding DAC's total dynamic range of 
78dB. The level ratio becomes greater than 1dB between the 
9th and 8th step of chord 0, (O.25ILNstep). If the 1dB reso- 
lution criterion is applied to a comparable sign-plus-13 bit 
linear DAC, the corresponding 1dB requirement also takes off 
19dB, and the breakpoint occurs between the 9th and 8th 
step of the linear 13-bit DAC transfer characteristic. 
The 


subtle difference 
between the 13-bit linear DAC and the 


sign-plus-8 bit Companding DAC lies in the distribution of the 
dB ratio values within the steps of the 59dB workable audio 
dynamic range. For a linearly scaled 13-bit linear DAC, the 
level ratios in dB among the steps close to the full scale 
current 
are very small. The ratios increase 
as the step 
numbers decrease toward zero. On the other hand, the 
sign-plus-8 bit Companding DAC maintains a near constant 
O.15dBbetween steps over the entire dynamic range, with the 
exception of steps in chord O. 


The 59dB working dynamic range is not wide enough for high 
quality audio systems which require an 80dB audio control 
range. 
To satisfy 
this 
requirement, 
two DACs can be 


cascaded with their digital inputs driven in parallel. The total 
dynamic range is now increased to 156dB and the working 
range, (1dB/step or less), is now approximately 106dB. A 
cascading 
scheme 
for Companding 
DACs, which 
also 
provid9s for DC transient-free operation, is shown in Figure 
31. The advantage of the cascaded Companding 
DAC's 
scheme over a similar cascaded linear DAC's scheme is in 
the number of control bits required to achieve the 106dB 
range and in the O.3dB/step uniform attenuation distribution 


over most of the 106dB range. The audio signal, V1N, is 
shown in Figure 31 as a single input. 


All three Companding DACs in Figure 31 have their SB inputs 
tied to logic 1. The reference currents for all three DACs 
should be maintained 
at positive 
values throughout 
the 
attenuation procedure by proper selection of the input resistor, 
R1N= V1N/I1N,where IIN < IREF'In Figure 31, the maximum 
IINvalue is equal to one half of the DC reference current, and 
the maximum value of V1N is only limited by the output 
voltage swings of operational amplifiers A2 and A3. The DC 
transient effects in the cascaded DACs are compensated for 
by using a Companding DAC followed by the AI op-amp. The 
DC compensation 
circuitry 
is completely 
isolated 
and 
independent of the AC effects of the applied audio signal V1N, 
and the only critical requirement is matching R, and RREFI+I' 
The step sizes in all chords should be matched for all three 
Companding DACs. For audio signals with amplitudes not 
more negative than -5V, 
(Companding 
DAC's maximum 
negative output voltage is -5V), 
the A1 op-amp can be 
eliminated, and the positive inputs of the A2 and A3 op-amps 
cae be driven by the DC compensating DAC directly. 


Companding DACs, with their logarithmic transfer function, 
are natural generators for the attack and decay analog signal 
waveforms 
used 
in 
electronic 
organs 
and 
musical 


synthesizers. A waveform's attack, sustain, and decay times, 
together 
with 
additional 
harmonic 
content 
information, 


determine the sounds of a particular musical instrument. For 
example, woodwinds have very short attack and decay times. 
The circuit shown in Figure 32 generates trapezoidal-like 
waveforms with exponential rise and fall times under the 
control of an 8-bit microprocessor, Am9080A. Digital inputs 
are 
supplied 
by 
two 
pairs 
of 
4-bit 
binary 
counters, 


Am25LS191, which are set to the Count Down mode. All of 
the 
counters 
are simultaneously 
loaded 
by the 
LOAD 


command 
which 
is decoded 
from the microprocessor's 
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Fig. 32. Microprocessor Controlled Waveform Generator, Attack, Sustain and Decay Signal Waveforms. 
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address signal combination. Companding DACs 1 and 2 are 
in the decode mode. The SB inputs are determined by the 
most significant data bit, DB7, which is stored in the flip-flop 
during counter loading. The Companding 
DACs' decode 


outputs which have the same polarity are tied together and 
fed into an LF356 operational amplifier. After the settling time 
required for the Companding DAC's outputs, the currents at 
the op-amp's inputs should be equal, and its output, VOUT, 
should be OV. A command COUNT #1 closes the analog 
switch, AH0014, and enables counters 1A and 1B via their 
ENABLE inputs. The 500kHz clock frequency allows sufficient 
settling time for the Companding DAC's outputs. The initial 
rise of the op-amp output voltage, VOUT' 
depends on the 


number initially stored in the counters, i.e., it depends on the 
starting point of the Companding DAC transfer characteristic. 
When Counter #1 reaches zero, the INT1 signal indicates 
underflow, further counting stops, and the microprocessor is 
informed about the end of Counter #1 operation. After a 
certain sustain time, which can be preprogrammed, 
the 


microprocessor issues the COUNT #2 command and the 
VOUT waveform starts its decay portion. The time duration of 
the Attack and Decay slopes generated by the logic in Figure 
32 are equal and is specified by the starting count in Counters 
#1 and #2. 


Note that the microprocessor 
can control 
the counting 


functions and the external counter could be replaced with 
simple, octal data latches. With the increased use of digital 
techniques 
and microprocessors 
for control functions 
in 


complex audio systems, microprocessor controlled analog 
waveforms, similar to those generated by the logic in Figure 
32, may become very desirable and attractive tools for the 
generation of various audio effects. However, it is important to 
remember that the output from the Companding DAC consists 
of discrete, non-uniform steps and is not continuous. To 
obtain a real, continuous signal from the output, some filtering 
or integration may be required. 


Telecommunication System Applications 


Digital PCM transmission systems compress analog speech 
signals into a train of 8 digital bits for each sample. They 
transmit this information and then decode and expand it back 
into analog signals. The Companding DAC represents a 
monolithic 
solution 
for most requirements 
of the PCM 


encoding and decoding procedures. This device replaces a 
considerable number of discrete and hybrid components in 
existing PCM transmission schemes. At the same time, the 
Companding DAC provides increased signal-to-noise ratio in 
the system, reduces system signal distortions and stimulates 
further development 
and wider usage of digital channel 


switching techniques. 


Currently, most transmission systems in the United States 
follow the Bell D3 communication channel bank specifications, 
where each channel bank consists of 24 voice channels and 
the necessary transmission equipment. The entire signal 
sampling, encoding and multiplexing procedure in the 24 
channel bank system must be performed within 1251'-s.The 
PCM channel time slot distribution, within a one 1251'-stime 
frame, is shown in Figure 33. Each slot contains an 8-bit 
digital representation of a particular signal sampled from a 
corresponding voice channel. The total number of bits in the 
D3 channel bank time frame is calculated as follows: (24 
channels x 8 bit/channel)+ 1 signalling bit = 193 bits. The 
additional single bit is used to identify the beginning of a 
frame, and data is transmitted at 1.544MHz (193 bits/samples 
x 8000 samples/see). In addition, in every sixth frame the 
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least 
significant 
bit in each 
channel 
slot 
is used 
for 


communication signalling purposes. Consequently, the signal 
samples in every sixth frame are represented with only 7 
digital bits. The increase in signal distortions in this time frame 
is slight and is not considered significant for PCM voice 
transmission performance. When the Companding DAC is 
used as a simple decoder at the receiving side of a system, 
the connection shown in Figure 19 can be used to minimize 
distortion caused by the absence of the least significant bit, 
B7, during these signalling frames. When the signalling frame 
is recognized, the Companding DAC output is increased by a 
half step from i~ corresponding 
decode output value by 


switching the E/D input from a logic 0 level to a logic 1. 
However, the European systems, using A-law devices, have 
32 channels per bank where the 2 channels are used for 
signalling information. Each frame requires 256 (32 x 8) bits. 
The corresponding data transmission rate is 2.048MHz (256 
bits/sample x 8000 sample/see). 


In a two-way 
PCM 
communication 
system, 
a single 


Companding DAC can perform the time shared encoder and 
decoder functi~s 
known as the CODEC function. The logic 


state of the E/D input determines the operating mode of the 
Companding DAC and switches the output current to the 
appropriate outputs. The Companding DAC digital inputs 
during the encode operation are generated by the successive 
approximation procedure. In the decode mode, the eight 
digital inputs are supplied from an external source, either in 
serial or parallel. The basic diagram for a typical CODEC is 
shown in Figure 34. 


The logic in Figure 34 provides automatic handling of the Ei5 
signal levels during the CODEC's XMT mode of operation. 
The first task of the system is to initialize the SAR circuit by 
proper manipulation of the START input for the successive 
approximation procedure. The XMT COMMAND should be 
synchronized with the low-to-high transition of the START 
pulse, and its level must be held at logic 1 for the next 8 
CLOCK pulses to keep the three-state XMT buffer, 74126, in 
the low impedance state. During the A to D conversion period, 
a serial train of 8 digital bits, which represent the sample at 
the TRANSMIT ANALOG INPUT in Figure 34, appears on the 
XMT DATA line. XMT and RECEIVE commands are mutually 
exclusive. 
The CODEC in Figure 34 is set to the receive mode of 
operation by setting the RECEIVE command signal to a logic 
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o level after the START pulse returns to its positive level. A 
serial data source, DATA STORAGE, supplies a digital train 
of 8 bits to the serial input D of the SAR circuit via the 
three-state 
buffer, 
RCV, 74126. At the same time, the 


RECEIVE command signal level keeps the exclusive-or gate 
output separated from the same SAR's serial D input via 
another three-state buffer, SEP. The same command also 
keeps the E/D input of the Companding 
DAC at logic 0 


throughout the entire D to A procedure via the MODE flip-flop 
in the successive 
approximation 
logic. In this CODEC's 
receive mode, the SAR circuit acts as a serial-to-parallel shift 
register for the incoming data on the RECEIVE DATA line. 
After the 8 clock pulses, the outputs of the SAR are ready for 
the D to A conversion. An analog current representation of the 
RECEIVE DATA train appears at the RECEIVE ANALOG 
OUTPUT, after an appropriate settling time. During this time 
the SAR outputs must remain unchanged and the START 
signal must remain at logic 1. The RECEIVE command signal 
must be held at logic 0 for the entire D to A conversion time 
which includes the Companding DAC's settling time. The 
CODEC must sample the analog input prior to each A/D 
conversion. 
During this sampling period the analog input 


signal will be changing and the Companding DAC cannot be 
used to encode this signal. The total encoding time must 
include the sampling time and the AID conversion time. If the 
sampling time period is greater than the time required for the 


decoding procedure, the Companding DAC can be used as a 
decoder 
during this time period and thus, the decoding 


operation will not require any additional system time. 


The CODEC operations in PCM communication systems can 
be performed on a single channel or on multiple channels in a 
multiplexed channel switching scheme. The final number of 
multiplexed 
channels 
which can be served 
by a single 


Companding DAC with a data sampling rate of 8kHz is limited 
by the CODEC's sampling and settling times. 


Two examples of a single channel PCM CODEC are shown in 
Figure 35 and 36. The major difference is in the structure of 
the XMT and RECEIVE data bus. The parallel 
data I/O 


CODEC in Figure 35 transmits and receives digital data in 
parallel form. The parallel data CODEC contains data bus 
transceivers, (Am)8T26, for handling data in communications 
systems which might be controlled by one of the popular 8-bit 
microprocessors. 
A 
parallel 
data 
I/O 
CODEC 
has 
a 


considerably shorter D to A conversion time than a serial I/O 
CODEC. 


The circuits shown in Figures 35 and 36 are controlled asyn- 
chronously with START, XMT, RECEIVE and their corre- 
sponding SAMPLE COMMANDS, which are generated and 
supplied externally by a communication system. The CLOCK 
signal is also externally supplied, and in the case of a serial 
data I/O CODEC, it must be synchronized with the incoming 
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and outgoing serial data train. The CODEC's only output con- 
trol signal, CONVERSION COMPLETE, CC, provides the ex- 
ternal communication system with information necessary to 
generate a XMT signal during the encoding procedure. XMT 
and RECEIVE commands are mutually exclusive. The trans- 
mit and receive data transfers can be performed either alter- 
nately or simultaneously. In the latter case the external com- 
munication system must employ separate transmit and re- 
ceive data buses. In addition, storage devices external to the 
CODEC logic must be provided for the receive data. The code 
assignment for outgoing or incoming parallel data provides 
uncomplemented binary values for sign and magnitude. The 
DAC data bus, as a result, yields "high zeros" density for 
small output signal amplitudes. 


To perform a transmit operation cycle, the START pulse must 
be held low for one clock cycle. Data conversion for a trans- 
mit operation is completed in 9 clock cycles, where the ninth 
cycle initializes the SAR for the next successive approxi- 
mation procedure. 


The RECEIVE operation in parallel data I/O CODEC is per- 
formed without using SAR logic, and the corresponding D to A 
data conversion does not require a CLOCK signal. Duration of 
the RECEIVE command signal must accommodate the Com- 
panding DAC's settling time, plus the sampling time (=5J.Ls) 
required by the S & H circuit, used at the CODEC's analog 
output. The typical settling time for the worst case input code 
transition from all ones to all zeros is about 4J.Ls.The re- 
ceiving data must not change during this time. A XMT com- 
mand must be issued after a high-to-Iow transition of the CC 
signal, and its duration depends on the time required by the 
external system logic to sample the correct content from the 
8-bit parallel data bus. A sample command pulse for a trans- 
mit operation can coincide with the START pulse; its duration 
depends on the sample and hold circuit used at the CODEC's 
analog input. A sample command pulse for a receive oper- 
ation must be delayed from a low-to-high transition of the 
RECEIVE command signal by an amount equal to the Com- 
panding DAC's settling time. Its termination can coincide with 
a high-to-Iow transition of the RECEIVE command signal. 


In the serial CODEC the duration of XMT and RECEIVE 
command signals 
must similarly 
accommodate 
all signal 


propagation 
delays, as well as the settling and sampling 


times, necessary for conversion of an outgoing or an incoming 
series of 8 digital bits. During the receive operation, the SAR 
is acting as a serial-in to parallel-out shift register for data 
supplied from an external serial source. Shifting data into the 
SAR requires 9 clock pulses. A sample command pulse for a 
transmit cycle must be issued before an XMT command sig- 
nal; its duration depends on the S & H sampling time used at 
the CODEC analog input. A sample command pulse for a re- 
ceive cycle must be delayed by a time equal to the Com- 
panding DAC's settling time after a high-to-Iow transition of 
the CC signal occurs. The data transmission rate at the re- 
ceive line is limited only by the shifting speed of the SAR 
which is rated at 15MHz. The data transmission rate at the 
serial CODEC's data XMT line is limited by the settling time of 
the Companding DAC and propagation delays through the 
comparator, exclusive-or, buffer (74126), and SAR devices. 


In a one-way PCM communication system the Companding 
DAC can be used as the decoder at the receiver end of a sys- 
tem or as a part of the encoder at the transmission end of a 
system. The transmission data bit rate for 24 communication 
channels sampled at 8kHz is 1.544 megabits/sec. This trans- 


mission rate allocates 0.64J.LSfor each of 193 bits within a 
125J.Lslong 24-channel time frame. A 24-channel PCM de- 
coder which is capable of handling this transmission bit rate is 
shown in Figure 37. This schematic does not show the logic 
necessary for recognition of frame and signalling bits. To 
handle a single bit in 0.64J.Lsthe total signal propagation time 
through the 8-bit D-type register, Am25LS273, 
the Com- 


panding DAC, Am6072, and the op-amp must not exceed 8 x 
0.64J.Ls= 5.12J.Ls. 
This corresponds to the total shifting time 


of 8 bits through the serial-in, 
parallel-out, 
shift register, 


Am25LS164. The most critical propagation delay is caused by 
Companding 
DAC's worst case settling time which corre- 


sponds to the worst possible input transition of 1111111 to 
0000000, which can occur during D to A conversion. If 4J.Ls 
are taken for the worst case settling times of the DAC and 
op-amp, only 1.12J.Lsare left to be distributed to all other time 
delays in the system. The 4-bit counter, Am25LS161, and 
8-bit shift register, Am25LS164, are synchronized with the 
system supplied data clock at 1.544MHz. The additional logic 
in Figure 
37 consists 
of analog 
switches 
AH0014 
and 


AM9712, and the corresponding SSI control logic. This switch- 
ing scheme provides a minimum of crosstalk between output 
analog channels which may occur due to a possible break- 
before-make switching problem. The output analog channel 
hold capacitor values depend a lot on the type of a load at 
these outputs. The Bell D3 specification specifies system per- 
formance down to signal levels of -50dB 
(00000111 code on 


the transfer curve). Worst case settling time from full scale to 
-50dB 
is about 2.5J.Ls.Decoders in excess of 24 channels, 


can be built using this settling time but they will have some- 
what higher distortion for signal levels below -50dB. 


In the PCM encoder schematic 
shown in Figure 38, the 


maximum settling time for the Am6072 is assumed to be 
1.2J.Lsfor the worst input bit change. The Bell D3 specification 
can be satisfied using a settling time of 1.2J.Ls, 
which is the 


worst case settling time in the successive approximation pro- 
cedure for signals near -50dB 
(lowest level on D3 specifica- 


tion). There will be some additional error for very low level 
signals, but the overall system will meet the D3 specification. 
The additional logic delay in the feedback path is estimated to 
be 100ns maximum, and is distributed among the comparator, 
Am686, the digital 2:1 multiplexer, Am74S258, the exclusive- 
or circuit, 74LS86, and the SAR, Am2502. This yields 1.3J.Ls 
for one successive approximation 
iteration. Further timing 


analysis shows that, with no additional delays, 12 channels 
can be encoded within the 125J.Ls: 


1.3J.Ls.8·12 
= 10.4J.Ls·12 = 124.8J.Ls 


Clock = 1/1.3J.Ls 
= 769.23kHz 


Two methods are used in the schematics in Figure 38, to pre- 
vent additional delays. First, a special switching scheme of 
analog input signals is employed to sample a channel from 
one group while a channel from the other group is encoded. 
This sampling scheme saves the time required for sampling of 
an analog 
input and provides 
a solution 
for encoding 
a 


maximum number of channels for the given "one-bit iteration" 
time. This design uses analog multiplexers, AM9712, and 
sample and hold circuits, (Am)LF398. The analog multiplexer 
at the Companding DAC output, AH0014, switches to another 
comparator during the time allocated for the first bit iteration, 
when the sign bit of a sample is established and no current 
flows through 10E outputs. Secondly, a one shot circuit is used 
to modulate the positive period of the first data clock pulse, 
after the SAR's CC signal is generated. The one shot pulse 
should split the positive portion of this first clock pulse into 
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two positive pulses, and the positive edge of the second pulse 
will initialize the SAR and eliminate the need for a ninth pulse. 
The net effect of this pulse modulation is a reduction of the 
time available to the SAR for the determination of the sign bit 
value and reduction of the time available for recording the 
SAR outputs with the correct least significant bit value. How- 
ever, the time for sign bit evaluation is 1,."s, and the LSB 
value can be taken from the SAR's serial data input D at the 
time of conversion completion. The encoding logic in Figure 
38 is fully synchronized with the system supplied data clock 
which is input at a frequency of 769.23kHz. A similar en- 
coding scheme provides encoding of 8 channels within the 
125iLS time without the circuits which are enclosed by dotted 
lines in Figure 38. Only one S & H circuit and one comparator 
can be used, and the AH0014 and 74S258 circuits can be 
eliminated. This D3 system's 8-channel PCM encoder has 
15.6,."s for an ND conversion, which allows 5.2,."s for the 


analog multiplexer, (AM9712), and S & H, (LF398), to switch 
and settle prior to the actual AID 
conversion which takes 
10.4,."s. 


One multiplexed CODEC using a single Companding DAC is 
shown in Figure 39. The CODEC's entire activity is syn- 
chronized with a data clock which drives the RECEIVING 
REGISTER, Am25LS22 (8-bit Serial/Parallel Register), the 
SAR, Am2502, and the 4-bit binary counter, Am25LS161. 
Maximum clock frequency is limited by the delays involved in 
the encoding path and by the data transfer protocol chosen 
for the XMT and RECEIVE data lines. Using 1.8,."s for the 
Companding DAC's longest settling time and 150ns for all 
other propagation delays in the encoding path, the minimum 
time for eight iterations amounts to 8 x 1.95,."s= 15.6,."s.The 
corresponding Data Clock frequency is 512.82kHz. A time 
frame of 125,."scontains eight time-slots of 15.6,."seach. 
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• Note: Circuits enclosed by a dotted line may be eliminated in an B-channel encoder for the D3 communication system which 


uses 5.2 /-Ls for the input switching and sampling times, (Am9712 and LF39B), and 1O.4/-Lsfor one ND conversion. 


The CODEC 
in Figure 
39 has four multiplexed 
channels, 
and 


uses the data conversion 
protocol 
illustrated 
in Figure 40. This 


protocol 
allocates 
equal 
time 
to the 
encoding 
and 
decoding 


procedures. 
Although 
this 
is not the 
most 
economical 
timing 


scheme, 
it significantly 
simplifies 
the 
CODEC's 
logic. 
The 


value 
of the 
most 
significant 
bit, 
MSB, 
of the 
4-bit 
counter 


controls 
the switching 
between 
the encode 
and decode 
func- 
tions, 
and the switching 
of the input 
and output 
analog 
chan- 


nels 
in the 
analog 
multiplexers, 
AM9712, 
via 
1 of 4 decoder 


circuit, 
Am25LS2539, 
(Dual 
1 of 4 decoder). 
During 
the nega- 


tive half of the MSB 
period, 
the S & H circuit 
is placed 
in the 


hold 
mode, 
the 
DATA 
CLOCK 
and the 
outputs 
of BUFFER 


REGISTER, 
Am25LS373, 
(Octal 
Transparent 
Latch), 
are ena- 


bled and the Companding 
DAC is placed 
in the encode 
mode. 


At the same 
time, the RECEIVING 
REGISTER, 
Am25LS22, 
is 


receiving 
data with its outputs 
in the high impedance 
state. All 
analog 
switches, 
XMT 
and 
RECEIVE, 
are 
open 
during 
this 


negative 
portion 
of the MSB signal. 


During the positive half of the MSB signal period, data clock 
inputs to the SAR and RECEIVING REGISTER, and START 
input to the SAR, are kept at logic O. The S'& H circuit is put 
into the sample mode, the BUFFER REGISTER is put in the 
high Z state, the RECEIVING REGISTER outputs are en- 
abled, and the Companding 
DAC is put into the decode 


mode, During this positive period, the currently addressed 
XMT and RECEIVE analog switches are closed. The positive 
going edge of the MSB signal also updates the address code 
for the analog switches. 


Additional timing analysis reveals that by using different and 
reduced maximum settling times, for the encode and decode 
portions of the above described data conversion protocol, the 
number of multiplexed 
channels 
can be significantly 
in- 


creased. However, the necessary logic for control and timing 
of unequal encode and decode data conversion time periods 
will be more complex than the logic shown in Figure 39. The 
same encode/decode alternating timing procedure, with 1.1/Ls 
allocated for the AID settling time, and with only 5.6/Ls al- 
lowed for 0 to A conversion, (not limited by the DAC), will re- 
sult in eight multiplexed channels. Systems requiring more 
than eight channels can be built using multi sample and hold 
circuits 
to reduce 
the input sampling 
time 
period. 
The 


maximum number of channels, limited by the Companding 
DAC's settling times, can be further increased by adjusting 
data clock frequency to its optimal values for each of the suc- 
cessive approximation bit-iterations, repeatedly, for every AID 
data conversion. 


SUMMARY 


The Companding DAC was originally developed for the needs 
and requirements of PCM communication 
systems. When 


used to perform a decoder function, at an 8kHz sampling rate, 
a single Companding DAC can comfortably serve up to 24 
voice channels. As a part of the encoding scheme, the Com- 
panding DAC can accommodate 12 03 communication chan- 
nels. For implementation 
in CODEC functions, 
the Com- 


panding DAC is ideal for single channel CODEC schemes. 
The length of the output current's settling time is the most im- 
portant parameter to be considered 
for the Companding 


DAC's implementation in multiple channel CODEC schemes. 
An 8 channel CODEC is probably an optimum number of 
channels which can be served by a single Companding DAC. 


The timing restrictions are not of such importance in industrial 
systems. A logarithmic-like, piece-wise transfer function and 
the very fine resolution and accuracy of a 12-bit linear DAC E] 
which are achievable in the Companding DAC's chord 0, pro- 
vides industrial systems with a very sensitive tool. In addition, 
the Companding 
DAC's compatibility 
with 8-bit micropro- 


cessors offers a very powerful control vehicle in the areas of 
data acquisition and instrumentation systems. A wide dynamic 
range of 78dB which can be extended 
by a cascading 


scheme to 156dB or more, and a high signal-to-distortion ratio 
of 80dB, allow usage of the Companding DACs for attenua- 
tion functions even in a high fidelity audio system. Industrial 
applications 
represent a large potential 
market for Com- 


panding DACs and they should be given serious consideration 
by industrial system designers. 
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Am1488 
Quad RS-232C Line Driver 


Distinctive 
Characteristics: 


• 
Conforms 
to EIA specification 
RS-232C 


• 
Short circuit 
protected 
output 


• Simple 
slew 
rate 
control 
with 
external 
capacitor 


The Am1488 is a quad line driver that conforms to EIA speci- 
fication 
RS-232C. Each driver 
accepts one or two TTLlDTL 


inputs and produces a high-level 
logic signal on its output. 


The HIGH and LOW logic levels on the output are defined by 
the positive and negative power supplies to the drivers. For 
power supplies of plus and minus nine volts, the output levels 
are guaranteed to meet the ±6-volt specification 
with a 3kU 


load. There 
is an internal 
300U resistor 
in series with 
the 


output to provide current limiting 
in both the HIGH and LOW 


logic levels. The Am1488 driver is intended for use with the 
Am1489 or Am1489A quad line receivers. 


• 
100% 
reliability 
assurance 
testing 
in compliance 
with 
MIL STD 883 


AtN~AOUT 


B11N~4 
6 
5 
BOUT 
82 IN 


Cl1N~ 
.~ 
C2IN~COUT 


DlIN~ 
D2IN~DOUT 


v~ = Pin 
1 


= Pin 
14 


GND 
= Pin 
7 


Package 
Temperature 
Order 
Type 
Range 
Number 


Hermetic 
DIP 
.aoc to +75°C 
MC1488L 


Molded DIP 
aOc to +75°C 
AM1488PC 
Dice 
aOc to +75°C 
AM1488XC 


v- 
v+ 


A 
'N 
02 IN 


A OUT 
01 IN 


81 
IN 
D OUT 


82 IN 
C2 
IN 


BOUT 
C1 IN 


GND 
C OUT 


MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life may be impaired) 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for High 
Output 
State 


DC Input 
Voltage 


-65°C 
to + 175°C 


OOCto +75°C 


V+ 
+15V 
V- 
-15V 


(V+ +5.0V) 
;::: Vo;::: 
(V- 
-5.0V) 


±15V 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


The 
following 
conditions 
apply 
unless 
otherwise 
specified: 
TA = aOc to +75°C. v+ 
= +9.0V, v~ 
= -9.0V 


IlL 
Logical "0" 
Input Current 
VIN 
= OV 
-1.0 
-1.6 
mA 


IIH 
Logical "1" 
Input Current 
VIN 
= +5.0V 
0.005 
10.0 
J.lA 


RL = 3.0kl1, 
V+ = 9.0V, 
V- 
= -9.0V 
6.0 
7.0 
Volts 


VOH 
High Level Output 
Voltage 
V+ = 13.2V, 
V- 
= -13.2V 
VIN 
= 0.8V 
9.0 
10.5 
Volts 


RL = 3.0kl1, 
V+ - 9.0V, 
V 
- -9.0V 
-6.0 
-6.8 
Volts 


VOL 
Low Level Output 
Voltage 


V+ = .3.2V, 
V- 
= -13.2V 
VIN 
= 1.9V 
-9.0 
-10.5 
Volts 


ISC+ 
High Level Output 
VOUT 
= OV, VIN 
= 0.8V 
-6.0 
-10.0 
-12.0 
mA 
Short-Circuit 
Current 


ISC- 


Low Level Output 
VOUT 
= OV, VIN 
= 1.9V 
6.0 
10.0 
12.0 
mA 
Short·Circuit 
Current 


ROUT 
Output Resistance 
V+= 
V 
= OV, VOUT 
= ±2.0V 
300 
11 


V+ = 9.0V, 
V- 
= -9.0V 
15.0 
20.0 
mA 


VIN=1.9V 
V+ = 12V, V- 
= -12V 
19.0 
25.0 
mA 


Positive Supply 
Current 
V+=15V,V-=-15V 
25.0 
34.0 
mA 


ICC+ 


6.0 
(Output 
Open) 
V+ = 9.0V, 
V- 
= 9.0V 
4.5 
mA 


VIN = 0.8V 
V+ = 12V, V- 
= -12V 
5.5 
7.0 
mA 


V+ = 15V, V- 
= -15V 
8.0 
12.0 
mA 


V+ = 9.0V, 
V- 
= -9.0V 
-13.0 
-17.0 
mA 


VIN 
= 1.9V 
V+ = 12V, V- 
= -12V 
-18.0 
-23.0 
mA 


Negative Supply 
Current 
V+ = 15V, V- 
= -15V 
-25.0 
-34.0 
mA 


ICC- 
(Output 
Open) 
V+ = 9.0V, 
V- 
= -9.0V 
-1.0 
-15 
J.lA 


VIN 
= 0.8V 
V+ = 12V, V- 
= -12V 
-1.0 
-15 
J.lA 


V+ = 15V, V- 
= -15V 
-0.01 
-2.5 
mA 


V+ = 9.0V, 
V- 
= -9.0V 
252 
333 
mW 


Pd 
Power 
Dissipation 


V+ = 12V, V- 
= -12V 
444 
576 
mW 


tpLH 
Delay from 
input 
LOW to output 
HIGH 
275 
350 
ns 


tpHL 
Delay 
from input 
HIGH to output 
LOW 
ZL = 3.0 kll 
110 
175 
ns 


t, 
Output 
rise time 
and 
15 pF 
55 
100 
ns 


tf 
Output 
fall time 
45 
75 
ns 


TYPICAL 
CHARACTERISTICS 
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Am1489· Am1489A 


Distinctive Characteristics: 


• 
Compatible 
with EIA specification 
RS-232C 


The 
Am1489 
and 
Am1489A 
are 
quad 
line 
receivers 
whose 
electrical 
char- 


acteristics 
conform 
to 
EIA 
specification 
RS-232C. 
Each 
receiver 
has a 


single data input that can accept signal swings of up to ±30 V. The output 


of 
each 
receiver 
is 
TTLfDTL 
compatible. 
and 
includes 
a 
2kQ 
resistor 


pull-up 
to 
Vec' 
An 
internal 
feedback 
resistor 
causes 
the 
input 
to 
exhibit 


hysterisis 
so that AC noise 
immunity 
is maintained 
at a high 
level even 


near 
the 
sWitching 
thresholds. 
For 
both 
devices, 
when 
a receiver 
is in a LOW 


state 
on 
the 
output, 
the 
input 
may 
drop 
as 
LOW 
as 
1.25 
valls 
without 


affecting 
the 
output. 
Both 
devices 
are 
guaranteed 
to 
switch 
to 
the 
HIGH 


state 
when 
the 
input 
voltage 
is below 
0.75 V. Once 
the 
output 
has 
switched 


to 
the 
HIGH 
state, 
the 
input 
may 
rise 
to 
1.0 V 
for 
the 
Am1489 
or 
1.75 V 


for 
the 
Am1489A 
without 
causing 
a 
change 
in 
the 
output. 
The 
Am1489 
is 


guaranteed 
to 
switch 
to 
a 
LOW 
output 
when 
its 
input 
reaches 
1.5 V 
and, 


the 
Am1489A 
is 
guaranteed 
to 
switch 
to 
a 
LOW 
output 
when 
its 
input 


reaches 
2.25 V. 
Because 
of 
this 
hysterisis 
in 
switching 
thresholds, 
the 


devices 
can 
receive 
signals 
with 
superimposed 
noise 
or 
with 
slow 
rise 
and 


fall 
times 
V(ithout 
generating 
oscillations 
on 
the 
output. 
The 
threshold 


levels 
may 
be 
offset 
by 
a 
constant 
voltage 
by 
applying 
a 
DC 
bias 
to 
the 


response 
cohtrol 
input. 
A 
capacitor 
added 
to 
the 
response 
control 
input 


will 
reduce 
the 
frequency 
response 
of 
the 
receiver 
for 
applications 
in 
the 


presence 
of 
high 
frequency 
noise 
spikes. 
The 
companion 
line 
driver 
is 


the 
Am1488. 


• 
100% 
reliability 
assurance 
testing 
in compliance 
with 


MIL STD 883 


• 
Includes 
response 
control 
input and built-in 
hysterisis 


INA~OUTA 


R.C.A~ 


INB 
~OUTB 


R.C. B 


INC 
~OUTC 


R.C.C~ 


IND~OUTD 


R,C.O~ 


Package 


Type 


14-pin 
Molded 
DIP 


14-pin Hermetic 
DIP 


Dice 


Am1489 
Order 
Number 


AM1489PC 


MC1489L 


AM1489XC 


Am1489A 
Order 
Number 


AM1489APC 


MC1489AL 


AM1489AXC 


Temperature 


Range 


Qoe to +75°e 
Qoe to +75°e 
Qoe to +75°e 


A 
IN 
vcc 


A 
R.C. 
D 
IN 


A 
OUT 
o R,C 


B 
IN 
o OUT 


B R.C. 
C IN 


BOUT 
C R,C. 


GND 
C OUT 


Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous 


DC Voltage Applied to Outputs for High Output State 


Input Signal Range 


Output Current, Into Outputs 


DC Input Current 


u-(., to +f~o(.; 


-0.5 
V to +10 V 


-0.5 
V to +Vcc max 


-30 
Vto +30 V 


30 mA 


Defined by Input Voltage Limits 


VOH 
Output HIGH Voltage 
10H= -0.5 
mA 
2.6 
4.0 
Volts 


V'N = +0.75 V or open 


VOL 
Output 
LOW Voltage 
10L= 10 mA 
0.2 
0.45 
Volts 


V'N = 3.0 V 


TA = 25°C 
I Am1489 
1.0 
1.25 
1.5 


V'H 
Input HIGH Level Threshold 
Volts 
VOL= 0.45 V 
I Am1489A 
1.75 
1.95 
2.25 


VIL 
Input LOW Level Threshold 
TA = 25°C, VOH= +2.5 V 
0.75 
1.25 
Volts 


V'N = -3.0 
V 
-0.43 


III 
Input LOW Current 
mA 


V'N = -25 
V 
-3.6 
-8.3 


V'N = +3.0 V 
0.43 


I'H 
Input HIGH Current 
mA 


V'N = +25 V 
3.6 
8.3 


Isc 
Output Short Circuit Current 
V'N = 0.0 V 
3.0 
mA 


VOUl= 0.0 V 


Ice 
Power Supply Current 
Vcc = MAX. 
20 
26 
mA 


tpLH 
Delay from Input LOW to Output HIGH 
RL= 3.9 k!l 
25 
85 
ns 


tpHL 
Delay from Input HIGH to output LOW 
RL= 390 a 
25 
50 
ns 
tr 
Output Rise Time (10% to 90%) 
RL= 3.9 k!l 
120 
175 
ns 


tf 
Output Fall Time (90% to 10%) 
RL= 390!l 
10 
20 
ns 


Am1489 Input Threshold 
Voltage Adjustment 


6.0 


w 
5.0 


'" 
R~ 
R~ 
'" 
'" 


4.0 
RT 
RT 
~~ 


0 
5'" 
13kSl = 
l1kn 
-~ 
> 
t- 
3.0 
V,h 
V'h 
t-- 
Vth 
-~ 
., 
+5V 
+5V 
-5V 


t-J 
2.0 
0 
" 
> 


Am1489A Input Threshold 
Voltage Adjustment 


6.0 


5.0 
1 


~ 


R~ 
'" 
4.0 
- 
RT ~ 


'" 


RT 
0 
5'" 
~ 
= -lkD- 
> 
V,h 
v~~_ 
t- 
30 
., 
+5V 


t-J 
2.0 
0 
" 
> 
1.0 


Input Current 


+10 


+8.0 


;;' 
+6.0 
./ 
.5 
+4.0 
t- 
./ 


~ +2.0 
'" 
0 
J 
",,- 


U 
t- 
-2.0 
~ 
-4.0 
./ 


./ 


j 
-6.0 


~8.0 
-10 


-25 
-15 
-5.0 
0 +5.0 
+15 
+25 


Vin. INPUT VOLTAGE 
(VOLTS) 


o 
'- 
I-- 
t-- 


-3.0 
-2.0 -1.0 
0 
+1.0 +2.0 +3.0+4.0+5.0 


Vin. INPUT VOLTAGE 


o 
-3.0 -2.0 -1.0 
0 
+1.0+2.0+3.0 +4.0+5.0 


Vin, INPUT VOLTAGE 


~~ 
IT 


",=-Vth 
l 


~~ 
ITi v" 


Input Threshold Voltage 
versus Temperature 


2.4 
~ 2.2~~J'H 


~ 
~.~ 
I 
I 
I 


"w~ 
~:: 
I 
I 
I 


'''' 
1.2 
- 
1489 
V'I-! 
~ 
1.0 
J489A~ 


~ 
0.8 - 
-1489' 
VJl 


~ 
0.6 


; 
0.4 


-> 
0.2 
o 
-60 


20 


I-- 
-V1'H 148tA 


1 
1 
I 
I 


VIH 1489 
VIl1489 


VIL 
1489A 


Am1692/3692 
Three-State 
Differential Line Drivers 


DISTINCTIVE 
CHARACTERISTICS 


• 
Individual three-state enables for each driver 
• 
Dual differential driver or quad single ended line driver 


• 
Short circuit protection for both source and sink outputs 


• 
Individual rise time control for each output 


• son transmission line drive capability 
• 
High capacitive load drive capability 
• 
Low lee and lEE power consumption 
Differential mode 
35mW/driver 


Single-ended mode 
26mW/driver 
• 
Low current PNP inputs compatible with TTL, MOS and CMOS 


• 
Advanced low power Schottky processing 


• 
100% reliability assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL 
DESCRIPTION 


The Am1692/Am3692 are low power Schottky TTL line drivers 
with three-state outputs. They feature ±10V output common 
mode range in three-state and OVoutput unbalance when oper- 
ated with ±5V power supplies. They feature 4 buffered outputs 
with high source and sink current capability with internal short 
circuit protection. 


A mode control input provides a choice of operation either as four 
independent line drivers or two differential line drivers. A rise time 
control pin allows the use of an external capacitor to reduce rise 
time for suppression of near end crosstalk to other receivers inthe 
cable. 


The Am1692/3692 is constructed using advanced low-power 
Schottky processing. 


LOGIC 
DIAGRAM 
(1/2 Circuit 
Shown) 


INPUT 
B (C) 


TRI-STATE 


DISABLE 


Package 
Type 


Hermetic DIP 
Hermetic Flat Pak 
Hermetic DIP 
Molded DIP 


Temperature 


Range 


-55°C to +125°C 
-55°C 
to +125°C 


O°Cto +70°C 
O°Cto +70°C 


Order 
Number 


DS1692J 
DS1692F 
DS3692J 
DS3692N 


CONNECTION 
DIAGRAM 


Top 
View 


Vcc 
RISE 
TIME 
CONTROL 
A 


INPUT 
A 
OUTPUT 
A 


INPUT 
B/DISABLE 
OUTPUT 
B 


MODE 
RISE 
TIME 
CONTROL 
B 


GND 
RISE 
TIME 
CONTROL 
C 


INPUT 
C/DISABLE 
OUTPUT 
C 


INPUT 
D 
OUTPUT 
D 


VEE 
RISE TIME CONTROL 
0 


Am1692/3692 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life may be impaired) 


Storage 
Temperature 


Supply 
Voltage 
V+ 


V- 


Power 
Dissipation 


Input 
Voltage 


Output 
Voltage 
(Power 
Off) 


Lead 
Soldering 
Temperature 
(10 seconds) 


7.0V 


-7.0V 


600mW 


-0.5 
to +15V 


±15V 


300°C 


ELECTRICAL 
CHARACTERISTICS 
over 
the operating 
temperature 
range 
The following 
conditions 
apply 
unless 
otherwise 
specified: 


Am1692 (Mil) 
TA ~ -55°C 
to +125°C 
Vce = 5.0V ±10%, 
VEE = GND 


Am3692 (COM'l) 
TA = O°C to +70°C 
Vee 
= 5.0V ±5%, VEE = GND 


Mode Vo~age '" 0.8V 


DC CHARACTERISTICS 
over 
the operating 
temperature 
range 


Typ. 


Min. 
(Note 1) 
Max. 


Vo 
V1N ~ 2.0V 
2.5 
3.6 
6.0 
Volts 


Vo 


Differential Output Vo~age, VA,S 
RL = 00 


V1N = 0.8V 
-2.5 
-3.6 
-6.0 
Vo~s 


Vr 
V1N = 2.0V 
2 
2.6 
Volts 


VT 


Differential Output Voltage, VA,S 
RL = 1000 
V1N = 0.8V 
-2 
-2.6 
Vo~s 


Vos, Vos 
Common-Mode 
Offset Voltage 
RL = 1000 
2.5 
3 
Volts 


IVTI 
- 
IVTI 
Difference in Differential Output Voltage 
RL = 1000 
0.05 
0.4 
Vo~s 


IVosl 
- 
rVosl 
Difference in Common-Mode 
Offset Vo~age 
RL = 1000 
0.05 
004 
Volts 


Vss 
IVT - 
VTI 
RL = 1000 
4.0 
4.8 
Volts 


IXA 
Vo = 15V 
10 
150 
J.LA 


Ixs 


Output leakage 
Current 
Vee 
= 0 
Vo = -15V 
-10 
-150 
J.LA 


V1N = 204V, Vo '" -10V 
-150 
J.LA 
lox 
Three-State Output Current 
VIN = Oo4V,Vo '" 15V 
150 
J.LA 


VOA = 6.0V 
80 
150 
mA 
'SA 
VIN = 204V 
VOS = OV 
-80 
-150 
mA 


Output Short Circuit Current 
VOA = OV 
-80 
-150 
mA 
Iss 
VIN ~ 0.4V 
VOS = 6.0V 
80 
150 
mA 


Ice 
Supply Current 
18 
30 
mA 


Notes: 
1. Typical limits are at Vee = 5.0V, VEE = GND, 25°C ambient and maximum loading. 
2. RL connected between each output and its complement. 


ELECTRICAL 
CHARACTERISTICS 
over the operating temperature range 


The following conditions apply unless otherwise specified: 


Am1692 (MIL) 
TA = -55'C 
to +125'C 
Vcc 
= 5.0V ±10%, VEE = -5.0V 
±10% 
Am3692 (COM'L) 
TA = O'C to + 70'C 
Vcc 
= 5.0V ±5%, VEE = -5.0V 
±5% 
Mode Vo~age •• 0.8V 


DC CHARACTERISTICS 
over the operating temperature range unless otherwise noted 
Typ. 


(Note 1) 


Vo 
VIN = 204V 
7 
8.5 
12 
Volts 


Vo 


Output Voltage 
Rl = '" 
VIN = 0.4V 
-7 
-8.5 
-12 
Volts 


Vr 
VIN = 204V 
6 
7.3 
Volts 


Vr 
Output Voltage 
Rl = 2000 


VIN = Oo4V 
-6 
-7.3 
Volts 


IVrl 
-IVrl 
Output Unbalance 
IVccl 
= IVEEI,Rl=2000 
0.02 
004 
Volts 


Ix+ 
Vo = 15V 
20 
150 
IJ-A 


Ix 


Output Leakage Power OFF 
Vcc = VEE = OV 
Vo = -15V 
IJ-A 
-20 
-150 


V1N~ 2.4V, Vo'" 
-10V 
-150 
IJ-A 


lox 
Three-State Output Current 


VIN = Oo4V,Vo •• 10V 
150 
IJ-A 


Is+ 
VIN = 204V 
-80 
-150 
mA 


Is 


Output Short Circuit Current 
Vo = OV 
V1N= Oo4V 
80 
150 
mA 


ISlEW 
Slew Control Current 
±140 
IJ-A 


lee 
Positive Supply Current 
VIN ~ Oo4V,Rl = '" 
18 
30 
mA 


lEE 
Negative Supply Current 
V,N = Oo4V,Rl = '" 
-10 
-22 
mA 


VIH 
High Level Input Voltage 
2 
Volts 


Vil 
Low Level Input Voltage 
0.8 
Volts 


VIN = 204V 
1 
40 


IIH 
High Level Input Current 
±5.25 •• VEE •• OV 
VIN •• 15V 


IJ-A 


10 
100 


I,l 
Low Level Input Current 
VIN = Oo4V 
-30 
-200 
IJ-A 


VI 
Input Clamp Vo~age 
IIN = -12mA 
-1.5 
Volts 


VCC = 5.0V, Mode Select = B.OV 


tr 
Differential Output Rise Time 
Rl = 1000, Cl = 500pF, (Fig. 1) 
120 
200 
ns 


tf 
Differential Output Fall Time 
Rl = 1000, Cl = 500pF, (Fig. 1) 
120 
200 
ns 


tpoH 
Output Propagation Delay 
Rl ~ 1000, Cl = 500pF, (Fig. 1) 
120 
200 
ns 


tpOl 
Output Propagation Delay 
Rl = 1000, Cl = 500pF, (Fig. 1) 
120 
200 
ns 


tpZl 
Three-State Delay 
Rl = 1000, Cl = 500pF, (Fig. 2) 
180 
250 
ns 


tpZH 
Three-State Delay 
Rl ~ 1000, Cl = 500pF, (Fig. 2) 
180 
250 
ns 


tplZ 
Three-State Delay 
Rl = 1000, Cl = 500pF, (Fig. 2) 
80 
150 
ns 


tPHZ 
Three-State Delay 
Rl = 1000, Cl = 5OOpF,(Fig. 2) 
80 
150 
ns 


VCC = 5,OV, VEE = -5.0V, 
Mode Select = O.BV 


tr 
Differential Output Rise Time 
Rl = 2000, Cl = 5OOpF,(Fig. 1) 
190 
300 
ns 


tf 
Differential Output Fall Time 
Rl = 2000, Cl = 5OOpF,(Fig. 1) 
190 
300 
ns 


tpOl 
Output Propagation Delay 
Rl = 2000, Cl ~ 5OOpF,(Fig. 1) 
190 
300 
ns 


tpOH 
Output Propagation Deiay 
Rl ~ 2000, Cl 
= 500pF, (Fig. 1) 
190 
300 
ns 


tpZl 
Three-State Delay 
Rl = 2000, Cl = 500pF, (Fig. 2) 
180 
250 
ns 


tpZH 
Three-State Delay 
Rl = 2000, Cl = 500pF, (Fig. 2) 
180 
250 
ns 


tplZ 
Three-State Delay 
Rl ~ 2000, Cl = 5OOpF,(Fig. 2) 
80 
150 
ns 


tPHZ 
Three-State Delay 
Rl = 2000, Cl = 5OOpF,(Fig. 2) 
80 
150 
ns 


Inputs 
Outputs 


Mode 
A(D) 
B(C) 
A(D) 
B(e) 


a 
a 
a 
a 
1 


a 
a 
1 
z 
z 


a 
1 
a 
1 
a 


a 
1 
1 
Z 
Z 


1 
a 
a 
a 
a 


1 
a 
1 
a 
1 


1 
1 
a 
1 
a 


1 
1 
1 
1 
1 


~<1~'\------- 
3.0V 


-·-----ov 


INPUT~"<10", 


+ 


VSS/RL 
t 


\ 
OUTPUT 


*TEKCTR 
CURRENT 
TRANSF. 


OR EQUIVALENT 


~j 


~-tPZHI__ 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 


/ 


/ 


Am1692/3692 USED AS A DRIVER 
MEETING MIL-STD-188-114 


Am25LS240- Am54LS/74LS240 


Octal Three-State 
Inverting Drivers 


• 
Three-state 
outputs 
drive 
bus lines 
directly 


• 
Hysieresis 
at inputs 
improve 
noise 
margin 


• 
PNP inputs 
reduce 
D.C. loading 
on bus lines 
• 
Data-to-output 
propagation 
delay 
times 
- 
18ns MAX. 
• 
Enable-to-output 
- 
30ns 
MAX. 


• 
Am25LS240 
specified 
at 48mA 
output 
current 
• 
20 pin hermetic 
and molded 
DIP packages 


• 
100% product 
assurance 
testing 
to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The 'LS240 
is an octal 
inverting 
line driver 
fabricated 
using 
advanced 
low-power 
Schottky 
technology. 
The 
20-pin 


package 
provides 
improved 
printed 
circuit 
board 
density 
for 


use in memory 
address 
and clock 
driver 
applications. 


Three-state 
outputs 
are provided 
to drive 
bus lines directly. 


The Am25LS240 
is specified 
at 48mA 
and 24mA 
output 
sink 


current, 
whiletheAm54174LS240 
is guaranteed 
at 12mA over 


the 
military 
range 
and 
24mA 
over 
the 
commercial 
range. 


Four 
buffers 
are enabled 
from 
one 
common 
line 
and 
the 


other 
four 
from 
a second 
enable 
line. 


Improved 
noise 
rejection 
and high 
fan-out 
are provided 
by 
input 
hysteresis 
and low current 
PNP inputs. 


CONNECTION 
DIAGRAM 


Top View 


1G 
Vcc 


'A' 
2G 


2V4 
,V, 


'A2 
2A4 


2V3 
lV2 


'A3 
2A3 


2V2 
lV3 


'A4 
2A2 


2V' 
,V4 


GND 
2Al 


INPUTS 
OUTPUT 


G 
A 
Y 


H 
X 
Z 


L 
H 
L 


L 
L 
H 


Vcc 
~ Pin 20 


GND ~ Pin 10 


Am25LS240 
ELECTRICAL CHARACTERISTICS 
The Following 
Conditions 
Apply 
Unless 
Otherwise 
Specified: 


COM'L 
TA = O°Cto +70°C 
Vee = 5.0V ± 5% 
(MIN. = 4.75V 
MAX. = 5.25V) 


MIL 
TA = -55°C to +125°C Vee = 5.0V ± 10% 
(MIN. = 4.50V 
MAX. = 5.50V) 


DC CHARACTERISTICS 
OVER OPERATING 
RANGE 
Typ. 


(Note 2) 


Vee = MIN., VIH = 2.0V 
2.4 
3.4 


VOH 
High-Level Output Voltage 
IOH = -3.0mA, 
VIL = V1LMAX. 
Volts 


Vee - 
MIN., 
MIL, IOH - 
-12mA 
2.0 


VIL = 0.5V 
COM'L, IOH- -15mA 
2.0 


AIiIOL - 
12mA 
0.25 
0.4 


VOL 
Low-Level Output Voltage 
Vee = MIN. 
AII10L = 24mA 
0.35 
0.5 
Volts 


COM'L IOL = 48mA 
0.55 


V1H 
High-Level Input Voltage 
Guaranteed input logical HIGH 
2.0 
Volts 
voltage for all inputs 


V1L 
I COM'L 
0.8 
Volts 
Low-Level Input Voltage 
I MIL 
0.7 


VIK 
Input Clamp Voltage 
Vee = MIN., II = -18mA 
-1.5 
Volts 


Hysteresis (Vr+ - Vr-) 
Vee = MIN. 
0.2 
0.4 
Volts 


IOZH 
Off-State Output Current, 
Vee = MAX. 
Vo = 2.7V 
20 
High Level Voltage Applied 


Off-State Output Current, 
VIH = 2.0V 
".A 


IoZL 
Low-Level Voltage Applied 
VIL = V1LMAX. 
Vo = 0.4V 
-20 


II 
Input Current at Maximum 
Vee = MAX., VI = 7.0V 
0.1 
mA 
Input Voltage 


IIH 
High-Level Input Current, Any Input 
Vee MAX., VIH = 2.7V 
20 
".A 


IlL 
Low-Level Input Current 
Vee - 
MAX., V1L - 0.4V 
-200 
".A 


Ise 
Short Circuit Output Current (Note 3) 
Vee = MAX. 
-40 
-225 
mA 


All Outputs HIGH 
13 
23 


Ice 
Supply Current 
Vee = MAX. 


All Outputs LOW 
26 
44 
mA 
Outputs open 
Outputs at Hi-Z 
29 
50 


Notes: 1. 
For conditions 
shown as MIN. or MAX., 
use the appropriate 
value specified 
under recommended 
operating 
conditions. 
2. All typical values are VCC = 5.0V, TA = 25°C. 
3. 
Not more than one output 
should be shorted at a time, and duration 
of the short-circuit 
should 
not exceed one second. 


MAXIMUM RATINGS above which the useful life may be impaired 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for 
HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Current 


DC Input Current 


_65°C 
to +150°C 


-55°C 
to +125°C 


-o.5V 
to +7.0V 


-O.5V 
to +VCC max. 


-O.5V 
to +7.0V 


150mA 


-30mA 
to +5.0mA 


Am25LS/54LS/74LS240 


Am54LSI74LS240 
ELECTRICAL 
CHARACTERISTICS 


The Following 
Conditions 
Apply 
Unless 
Otherwise 
Specified: 


COM'l 
TA = O'C to +70'C 
Vee = 5.0V ± 5% 
(MIN. = 4.75V 
MAX. = 5.25V) 


Mil 
TA = -55'C 
to +125'C 
Vee = 5.0V ± 10% 
(MIN. = 4.50V 
MAX. = 5.50V) 


DC CHARACTERISTICS 
OVER OPERATING 
RANGE 
Typ. 
(Note 2) 


Vee = MIN., V1H= 2.0V 
2.4 
3.4 


VOH 
High-level 
Output Voltage 
IOH = -3.0mA, 
V1L= VllMAX. 
Volts 
Vee - 
MIN., 
Mil, 
IOH - 
-12mA 
2.0 


VIL = 0.5V 
COM'l, 
IOH- -15mA 
2.0 


VOL 
low-level 
Output Voltage 
Vee = MIN. 
All, IOl = 12mA 
0.25 
0.4 
Volts 
COM'l, 
IOL - 24mA 
0.35 
0.5 


V1H 
High-level 
Input Voltage 
Guaranteed input logical HIGH 
2.0 
Volts 
voltage for all inputs 


V1l 
low-level 
Input Voltage I 


COM'l 
0.8 
Volts 


Mil 
0.7 


V1K 
Input Clamp Voltage 
Vee = MIN., II = -18mA 
-1.5 
Volts 


Hysteresis (VT+ - VT-) 
Vee - 
MIN. 
0.2 
0.4 
Volts 


IozH 
Off-State Output Current, 
Vee = MAX. 
Vo = 2.7V 
20 
High level Voltage Applied 


Off-State Output Current, 
VIH = 2.0V 
JJA 


IoZL 
low-level 
Voltage Applied 
V1L = VllMAX. 
Vo = 0.4V 
-20 


II 
Input Current at Maximum 
Vee = MAX., VI = 7.0V 
0.1 
mA 
Input Voltage 


IIH 
High-level 
Input Current, Any Input 
Vee MAX., VIH = 2.7V 
20 
JJA 


III 
low-level 
Input Current 
Vee = MAX., V1l = 0.4V 
-200 
JJA 


Ise 
Short Circuit Output Current (Note 3) 
Vee - 
MAX. 
-40 
-225 
mA 


All Outputs HIGH 
13 
23 


Ice 
Supply Current 
Vee = MAX. 


All Outputs lOW 
26 
44 
mA 


Outputs open 
Outputs at Hi-Z 
29 
50 


Notes: 1. 
For conditions 
shown as MIN. or MAX., 
use the appropriate 
value specified 
under recommended 
operating 
conditions. 


2. 
All typical 
values are VCC = 5.0V, TA = 25'C. 
3. 
Not more than one output 
should be shorted at a time, and duration 
of the short-circuit 
should not exceed one second. 


Vcc 


1G 
2G 


1A1 
2 
18 
1Y1 


2Y4 
3 
17 
2A4 
1A2 
4 
16 
1Y2 
2Y3 
5 


15 
2A3 


1A3 
14 
1Y3 
2Y2 


13 
2A2 


1A4 


2Y1 
12 
1Y4 


GND 
10 
11 
2A1 


SWITCHING 
CHARACTERISTICS 


(T 
- 
+25°C vcc - 50V) 
A- 
- 


Am25LS240 
Am54LSI74LS240 


Test 
Conditions 
Parameters 
Description 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 
(Notes 1-5) 


tpLH 
Propagation 
Delay Time, 
8.0 
12 
9.0 
14 
ns 
Low-to-High-Level 
Output 


tPHL 
Propagation 
Delay Time. 
12 
16 
12 
18 
ns 
CL = 45pF 
High-to-Low-Level 
Output 
RL = 6670 


tpzL 
Output Enable Time to Low Level 
19 
27 
20 
30 
ns 


tpZH 
Output Enable Time to High Level 
14 
20 
15 
23 
ns 


tpLZ 
Output Disable Time from Low Level 
14 
23 
15 
25 
ns 
CL - 
5.0pF 


tpHZ 
Output Disable Time from High Level 
10 
18 
10 
18 
ns 
RL = 6670 


Am25LS 
ONLY 
Am25LS 
COM'L 
Am25LS 
MIL 
SWITCHING 
CHARACTERISTICS 


OVER OPERATING 
RANGE* 
TA = O°C to 
+70°C 
TA = -55°C 
to 
+125°C 


VCC = 5.0V 
±5% 
VCC = 5.0V 
±10% 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test 
Conditions 


tpLH 
Propagation 
Delay Time, 
16 
19 
ns 
Low-to-High-Level 
Output 


tpHL 
Propagation 
Delay Time, 


25 
ns 
CL = 45pF 
High-to-Low-Level 
Output 
22 
RL = 6670 


tpZL 
Output Enable Time to Low Level 
37 
42 
ns 


tpZH 
Output Enable Time to High Level 
27 
31 
ns 


tpLZ 
Output Disable Time from Low Level 
31 
36 
ns 
CL - 
5.0pF 


tpHZ 
Output Disable Time from High Level 
25 
28 
ns 
RL = 6670 


LOAD 
CIRCUIT 
FOR 


THREE-STATE 
OUTPUTS 
VOLTAGE 
WAVEFORMS 
ENABLE 
AND 
DISABLE 
TIMES, 
THREE-STATE 
OUTPUTS 


OUTPUT 
~ 
3V 


CONTROL 
~ 
t-4 
(lOW.lEVEL 
L3V 
1.3V 


ENABLING) 
1'------- .... 
( 
---1- 
_ 
t-tZLi 
III 


WAVEFORM 1 
L:'CLOSED 
~ 
1.3V 
, ot::4.5V 
5, & 52 


S2 OPEN 
. ~ 
:~:v 


'ZH----j 
'HZ.L....--, or I 


I 
~~VOH 


51 QPEN 
1.3V 
\ 
I<Sl«&S-2~:-T 
""1.5V 


S2 CLOSED 
""ov 
CLOSED 


Notes: 
1. 
Waveform 
1 is for 
an output 
with 
internal 
conditions 
such that 
the output 
is low except 
when 
disabled 
by the output 
control. 


2. 
Waveform 
2 is for 
an output 
with 
internal 
conditions 
such that 
the output 
is high except 
when 
disabled 
by the output 
control, 
3. 
In the examples 
above, the phase relationships 
between 
inputs and outputs 
have been chosen 
arbitrarily. 
PR R 
:E;;;" 1.0M Hz, ZOUT 
~ 50n 
and tr <; 2.5ns, 
tf ,.;;;;2.5ns. 


Am25LS241- Am54LS/74LS241 
Am25LS244- Am54LS/74LS244 


Octal Three-State 
Buffers 


DISTINCTIVE 
CHARACTERISTICS 


• Three-state outputs drive bus lines directly 
• Hysteresis at inputs improve noise margin 
• 
PNP inputs reduce D.C. loading on bus lines 


• Data-to-output propagation delay times - 
18ns MAX. 


• Enable-to-output 
- 30ns MAX. 
• Am25LS241 and 244 specified at 48mA output current 
• 20 pin hermetic and molded DIP packages 
• 
100% product assurance testing to MIL-STD-883 
requirements 


FUNCTIONAL 
DESCRIPTION 


The 'LS241 and 'LS244 are octal buffers fabricated using 
advanced low-power Schottky technology. The 20-pin pack- 
age provides improved printed circuit board density for use 
in memory address and clock driver applications. 


Three-state outputs are provided to drive bus lines directly. 
The Am25LS241 and Am25LS244 are specified at 48mA and 
24mA output sink current, while the Am54LSf74LS241 and 
Am54LSf74LS244 are guaranteed at 12mA over the military 
range and 24mA overthe commercial range. Four buffers are 
enabled from one common line and the other four from a 
second enable line. 


The 'LS241 has enable inputs of opposite polarity to allow 
use as a transceiver without overlap. The 'LS244 enables are 
of similar polarity for use as a unidirectional buffer in which 
both halves are enabled simultaneously. 


Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 


INPUTS 
OUTPUTS 


1G 
2G 
A 
Y 


H 
L 
X 
Z 


L 
H 
H 
H 


L 
H 
L 
L 


CONNECTION DIAGRAMS 


Top Views 


Vee 


ill 


'Vl 


2A4 


lV2 
UC-340 


2A3 


'V3 


2A2· 


lV4 


2A' 


L1C·339 
L1C-341 


4-17 


1G 


'Al 


lVl 
2V4 


'A2 


lV2 
2V3 


2A3 
lA3 


lV3 
2V2 


lA4 


lV4 
2V' 


GND 


INPUTS 
OUTPUT 


G 
A 


H 
X 
Z 


L 
H 
H 


L 
L 
L 


Vcc = Pin 20 


GND 
~ Pin 10 


Am25LS241 
• Am25LS244 
ELECTRICAL CHARACTERISTICS 
The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Specified: 


COM'L 
TA = O'C to +70'C 
Vee = 5.0V ± 5% 
(MIN. = 4.75V 
MAX. = 5.25V) 


MIL 
TA = -55'C 
to +125'C Vee = 5.0V ± 10% 
(MIN. = 4.50V 
MAX. = 5.50V) 


DC CHARACTERISTICS 
OVER OPERATING 
RANGE 
Typ. 


(Note 2) 


Vee - 
MIN., VIH - 
2.0V 
2.4 
3.4 


VOH 
High-Level Output Voltage 
IOH = -3.0mA, 
VIL = VllMAX. 
Volts 


Vec 
- 
MIN., 
MIL, IOH - 
-12mA 
2.0 


Vil = 0.5V 
COM'L, IOH - 
-15mA 
2.0 


AlilOl 
= 12mA 
0.25 
0.4 


VOL 
Low-Level Output Voltage 
Vee = MIN. 
AIiIOL = 24mA 
0.35 
0.5 
Volts 


COM'L, IOL= 48mA 
0.55 


VIH 
High-Level Input Voltage 
Guaranteed input logical HIGH 
2.0 
Volts 
voltage for all inputs 


V1l 
I COM'L 
0.8 
Low-Level Input Voltage 
I MIL 
Volts 
0.7 


VIK 
Input Clamp Voltage 
Vec = MIN., II = -18mA 
-1.5 
Volts 


Hysteresis (VT+ - VT-) 
Vee = MIN. 
0.2 
0.4 
Volts 


IOZH 


Off-State Output Current, 
Vee = MAX. 
Vo = 2.7V 
20 
High Level Voltage Applied 


Off-State Output Current, 
VIH = 2.0V 
p.A 


Iozl 
Low-Level Voltage Applied 
Vil = VILMAX. 
Vo = 0.4V 
-20 


II 
Input Current at Maximum 
Vee = MAX., VI = 7.0V 
0.1 
mA 
Input Voltage 


IIH 
High-Level Input Current, Any Input 
Vee = MAX., VIH = 2.7V 
20 
p.A 


IlL 
Low-Level Input Current 
Vee = MAX., VIL = 0.4V 
-200 
p.A 


Ise 
Short Circuit Output Current (Note 3) 
Vee = MAX. 
-40 
-225 
mA 


All Outputs HIGH 
13 
23 


Ice 
Supply Current 
Vee = MAX. 
All Outputs LOW 
27 
46 
mA 


Outputs open 
Outputs at Hi-Z 
32 
54 


Notes: 
1. 
For conditions 
shown as MI N. or MAX., 
use the appropriate 
value specified 
under recommended 
operating 
conditions. 


2. 
All typical 
values are VCC = S.OV, TA 
= 2S'C. 
3. 
Not more than one output 
should be shorted at a time, and duration 
of the short-circuit 
should 
not exceed one second. 


MAXIMUM RATINGS above which the useful life may be impaired 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage 
to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for 
HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Current 


DC Input 
Current 


_65°C 
to +150°C 


_55°C to +125°C 


-O.5V 
to +7.0V 


-O.5V 
to +VCC max. 


-O.5V 
to +7.0V 


150mA 


-30mA 
to +5.0mA 


Am25LS/54LS/74LS241/244 


Am54LSI74LS241 
• Am54LSI74LS244 
ELECTRICAL 
CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Specified: 


COM'L 
TA = O°Cto +70°C 
Vee = 5.0V ± 5% 
(MIN. = 4.75V 
MAX. = 5.25V) 


MIL 
TA = -55°C to +125°C Vee = 5.0V ± 10% 
(MIN. = 4.50V 
MAX. = 5.50V) 


DC CHARACTERISTICS 
OVER OPERATING 
RANGE 


Typ. 


(Note 2) 


Vee = MIN., VIH = 2.0V 
2.4 
3.4 
VOH 
High-Level Output Voltage 
IOH = -3.0mA, 
VIL = V1LMAX. 
Volts 


Vee = MIN., 
MIL, IOH = -12mA 
2.0 


V1L = 0.5V 
COM'L, IOH= -15mA 
2.0 


VOL 
Low-Level Output Voltage 
Vee = MIN. 
All, IOL - 
12mA 
0.25 
0.4 
Volts 


COM'L, IOL = 24mA 
0.35 
0.5 


V1H 
High-Level Input Voltage 
Guaranteed input logical HIGH 
2.0 
Volts 
voltage for all inputs 


VIL 
I COM'L 
0.8 
Volts 
Low-Level Input Voltage 
I MIL 
0.7 


V1K 
Input Clamp Voltage 
Vee = MIN., II = -18mA 
-1.5 
Volts 


Hysteresis (VT+ - VT-) 
Vee = MIN. 
0.2 
0.4 
Volts 


IOZH 
Off-State Output Current, 
Vee = MAX. 
Vo = 2.7V 
20 
High Level Voltage Applied 


Off-State Output Current, 
VIH = 2.0V 
!LA 


IozL 
Low-Level Voltage Applied 
V1L = V1LMAX. 
Vo = 0.4V 
-20 


II 
Input Current at Maximum 
Vee ~ MAX., VI = 7.0V 
0.1 
mA 
Input Voltage 


IIH 
High-Level Input Current, Any Input 
Vee = MAX., VIH = 2.7V 
20 
!LA 


IlL 
Low-Level Input Current 
Vee = MAX., V1L = 0.4V 
-200 
p.A 


Ise 
Short Circuit Output Current (Note 3) 
Vee = MAX. 
-40 
-225 
mA 


Vee = MAX. 
All Outputs HIGH 
13 
23 


Ice 
Supply Current 
All Outputs LOW 
27 
46 
mA 


Outputs open 
Outputs at Hi-Z 
32 
54 


Notes: 1. 
For conditions 
shown as MIN. or MAX., 
use the appropriate 
value specified 
under recommended 
operating 
conditions. 


2. 
All typical 
values are VCC ~ 5.0V, 
TA ~ 25°C. 
3. 
Not more than one output 
should be shorted at a time, and duration 
of the short·circuit 
should not exceed one second. 


'LS241 
'LS244 


vcc 


~20 
vcc 


iG 
2G 
iG 
~-' 
19 
2G 


lA' 
lAl 
18 
lV' 
18 
lV1 
2V4 
17 
2A4 
2V4 
2A4 
17 


lA2 
16 
1A2 
lV2 
16 
1Y2 
2V3 
15 
2A3 
2V3 
15 
2A3 
lA3 
lA3 
14 
1Y3 
14 
1Y3 
2V2 
13 
2A2 
2V2 
13 
2A2 


lA4 
lA4 


2Vl 
12 
1Y4 
2V1 
12 
1Y4 


GND 
10 
11 
2Al 
GND 
10 
11 
2A1 


SWITCHING 
CHARACTERISTICS 


(TA 
- 
+25°C vcc - 50V) 
- 
- 
Am25LS241 
Am54LSI74LS241 
Am25LS244 
Am54LSI74LS244 
Test Conditions 
Parameters 
Description 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 
(Notes 1-5) 


tpLH 
Propagation 
Delay Time, 
10 
15 
12 
18 
ns 
Low-to-High-Level 
Output 


tPHL 
Propagation 
Delay Time, 
12 
18 
12 
18 
ns 
CL = 45pF 
High-to-Low-Level 
Output 
RL = 6670 


tpZL 
Output Enable Time to Low Level 
20 
30 
20 
30 
ns 


tpZH 
Output Enable Time to High Level 
15 
23 
15 
23 
ns 


tpLZ 
Output Disable Time from Low Level 
15 
25 
15 
25 
ns 
CL = 5.0pF 


tpHZ 
Output Disable Time from High Level 
10 
18 
10 
18 
ns 
RL = 6670 


Am25LS 
ONLY 
Am25LS COM'L 
Am25LS MIL 
SWITCHING 
CHARACTERISTICS 


OVER OPERATING 
RANGE* 
TA = O°Cto +70°C 
TA = -55°C to +125°C 
VCC = 5.0V ±5% 
VCC = 5.0V ±10% 
Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test Conditions 


tpLH 
Propagation 
Delay Time, 
21 
24 
ns 
Low-to-High-Level 
Output 


tpHL 
Propagation 
Delay Time, 


25 


CL = 45pF 


High-to-Low-Level 
Output 
28 
ns 
RL = 6670 


tpZL 
Output Enable Time to Low Level 
41 
47 
ns 


tpZH 
Output Enable Time to High Level 
31 
47 
ns 


tPLZ 
Output Disable Time from Low Level 
34 
36 
ns 
CL = 5.0pF 


tpHZ 
Output Disable Time from High Level 
25 
28 
ns 
RL = 6670 


LOAD 
CI RCUIT 
FOR 


THREE-STATE 
OUTPUTS 
VOLTAGE 
WAVEFORMS 
ENABLE 
AND 
DISABLE 
TIMES, 
THREE-STATE 
OUTPUTS 


OUTPUT 
3V 


CONTROL 
~ 
t-4 
(LOW·LEVEL 
l.3V 
) 
I 
1.3V 


ENABlINGI 
1'-- 
t 
------- 
OV 
rlZLi 
tLZ 


WAVEFORM 
1 
L:1ClOSED 
~ 
""4.5V 
5, & 52 


52 OPEN 
1.3V, 
ICLOSE~ 
:,.5V 


~ 
~---osvr- 
OL 
lZH------1 
1HZ 
U·ZV nt, 
I 
J---L--....!~ 
VOH 


51 QPEN 
1.3V 
\ 
l<s,,«&S'2""CL-:-T 
""1.5V 


S2ClDSEO 
~OV 
CLOSED 


Notes: 
1. Waveform 
1 is for an output with internal conditions 
such that the output is low except when disabled by the output control. 


2. Waveform 
2 Is for an output with internal conditions 
such that the output 
is high except when disabled by the output control. 
3. In the examples above, the phase relationships 
between inputs and outPlits have been chosen arbitrarily. 


4. Pulse generator characteristics: 
PRR •• 1.0MHz, ZOUT = SOO,tr •• 15ns, tf •• 6ns. 
5. When measuring 
tpLH and tpHL, switches 51 and 52 are closed. 


Am25LS242· Am54LS/74LS242 
Am25LS243· Am54LS/74LS243 
Quad Bus Transceivers with Three-State 
Outputs 


• Three-state outputs drive bus lines directly 
• Hysteresis at inputs improve noise margin 
• 
PNP inputs reduce D.C. loading on bus lines 


• Data to output propagation delay times - 
18ns MAX. 
• Enable to output - 30ns MAX. 
• Am25LS242 and Am25LS243are specified at 48mA output 


current 
• 
100% product assurance testing to MIL-STD-883 
requirements 


FUNCTIONAL 
DESCRIPTION 


The 'LS242 and 'LS243 are quad bus transceivers designed 
for asynchronous two-way communications between data 
buses. 


The 'LS242 and 'LS243 have the two 4-line data paths con- 
nected in'put-to-output on both sides to form an asynchron- 
ous transceiver/buffer with complementing 
enable inputs. 


The 'LS242 is inverting, while the 'LS243 presents non- 
inverting data at the outputs. 


Three-state outputs are provided to drive bus lines directly. 
The Am25LS242 and Am25LS243 are specified at 48mA and 
24mA output sink current, while the Am54174LS242and 243 
are guaranteed at 12mA over the military range and 24mA 
over the commercial range. 


Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 


CONNECTION DIAGRAMS 
Top Views 


Vcc 
= Pin 14 


GND=Pin7 


Am25LS242. 
Am25LS243 
ELECTRICAL CHARACTERISTICS 
The Following 
Conditions 
Apply 
unless 
Otherwise 
Specified: 


COM'L 
TA = O°Cto +70°C 
Vee ~ 5.0V ± 5% 
(MIN. = 4.75V 
MAX. = 5.25V) 


MIL 
TA = -55°C to +125°C Vee ~ 5.0V ± 10% 
(MIN. = 4.50V 
MAX. = 5.50V) 


DC CHARACTERISTICS 
OVER OPERATING 
RANGE 
Typ. 
(Note 2) 


Vee = MIN., V1H = 2.0V 
2.4 
3.4 
VOH 
High-Level Output Voltage 
IOH = -3.0mA, 
V1L = VILMAX. 
Volts 
Vee = MIN., 
MIL, IOH ~ -12mA 
2.0 


V1L = 0.5V 
COM'L, IOH= -15mA 
2.0 


AIiIOL - 
12mA 
0.25 
0.4 


VOL 
Low-Level Output Voltage 
Vee = MIN. 
AIiIOL = 24mA 
0.35 
0.5 
Volts 
_. 


COM'L, IOL = 48mA 
0.55 


VIH 
High-Level Input Voltage 
Guaranteed input logical HIGH 
2.0 
Volts 
voltage for all inputs 


V1L 
I 
COM'L 
0.8 


Low-Level Input Voltage I 
MIL 
Volts 
0.7 


VIK 
Input Clamp Voltage 
Vee = MIN., II = -18mA 
-1.5 
Volts 


Hysteresis (VT+ - VT-) 
Vee = MIN. 
0.2 
0.4 
Volts 


IOZH 


Off-State Output Current, 
Vee = MAX. 
Vo = 2.7V 
40 
High Level Voltage Applied 


Off-State Output Current, 
VIH = 2.0V 
/LA 


IOZL 
Low-Level Voltage Applied 
VIL = VILMAX. 
Vo ~ 0.4V 
-200 


II 
Input Current at Maximum 
Vee = MAX. 
VI = 7.0V, GAB or GBA 
0.1 
mA 


Input Voltage 
VI - 
5.5V, A or B 
0.1 
mA 


IIH 
High-Level Input Current, Any Input 
Vee = MAX., V1H = 2.7V 
20 
!LA 


IlL 
Low-Level Input Current 
Vee = MAX., VIL = 0.4V 
-200 
/LA 


Ise 
Short Circuit Output Current (Note 3) 
Vee = MAX. 
-40 
-225 
mA 


All Outputs 
'LS242, 'LS243 
22 
38 
HIGH 
Vee = MAX. 
All Outputs 
Ice 
Supply Current 
Outputs open 
LOW 
'LS242, 'LS243 
29 
50 
mA 
(Note 4) 
Outputs at 
'LS242 
29 
50 


Hi-Z 
'LS243 
32 
54 


Notes: 1. For conditions 
shown as MI N. or MAX., 
use the appropriate 
value specified 
under recommended 
operating 
conditions. 


2. All typical valuesare VCC = 5.0V. TA = 25°C. 


3. Not more than one output 
should be shorted 
at a time, and duration 
of the short-circuit 
should 
not exceed one second. 


4. For 'LS242 
and 'LS243 
Ice is measured with 
transceivers enabled in one direction 
only, 
or with 
all transceivers disabled. 


MAXIMUM 
RATINGS 
above which 
the useful life may be impaired 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Current 


DC Input 
Current 


_65°C to +150°C 


-55°C 
to +125°C 


-Q.5V 
to +7.0V 


-O.5V 
to +VCC max. 


-O.5V 
to +7.0V 


150mA 


-30mA 
to +5.0mA 


Am25LS/54LS/74LS242/243 


Am54LSI74LS242. 
Am54LSI74LS243 


ELECTRICAL 
CHARACTERISTICS 


The Following Conditions Apply unless Otherwise Specified: 


COM'L 
TA = O°Cto +70°C 
Vee = 5.0V ± 5% 
(MIN. = 4.75V 
MAX. = 5.25V) 


MIL 
TA = -55°C to +125°C Vee = 5.0V ± 10% 
(MIN. = 4.50V 
MAX. = 5.50V) 


DC CHARACTERISTICS 
OVER OPERATING 
RANGE 
Typ. 


(Note 2) 


Vee = MIN., V1H = 2.0V 
2.4 
3.4 
VOH 
High-Level Output Voltage 
IOH = -3.0mA, 
VIL = VILMAX. 
Volts 


Vee - 
MIN., 
MIL, IOH - 
-12mA 
2.0 


VIL = 0.5V 
COM'L, IOH= -15mA 
2.0 


All, IOL - 
12mA 
0.25 
0.4 
VOL 
Low-Level Output Voltage 
Vee = MIN. 
Volts 


COM'L, IOL = 24mA 
0.35 
0.5 


V1H 
High-Level Input Voltage 
Guaranteed input logical HIGH 
2.0 
Volts 
voltage for all inputs 


I COM'L 
0.8 


V1L 
Low-Level Input Voltage 
I MIL 
0.7 
Volts 


VIK 
Input Clamp Voltage 
Vee = MIN., II = -18mA 
-1.5 
Volts 


Hysteresis (VT+ - VT-) 
Vee = MIN. 
0.2 
0.4 
Volts 


IOZH 


Off-State Output Current, 
Vee = MAX. 
Vo = 2.7V 
40 
High Level Voltage Applied 


Off-State Output Current, 
VIH = 2.0V 
pA 


IozL 
Low-Level Voltage Applied 
VIL = VILMAX. 
Vo = 0.4V 
-200 


II 
Input Current at Maximum 
Vee = MAX. 
VI = 7.0V, GAB or GBA 
0.1 
mA 


Input Voltage 
VI - 
5.5V, A or B 
0.1 
mA 


IIH 
High-Level Input Current, Any Input 
Vee MAX., VIH = 2.7V 
20 
pA 


IlL 
Low-Level Input Current 
Vee = MAX., V1L ~ 0.4V 
-200 
pA 


Ise 
Short Circuit Output Current (Note 3) 
Vee - 
MAX. 
-40 
-225 
mA 


All Outputs 
'LS242, 'LS243 
22 
38 
Vee = MAX. 
HIGH 


All Outputs 


Ice 
Supply Current 
Outputs open 
LOW 
'LS242, 'LS243 
29 
50 
mA 
(Note 4) 
Outputs at 
'LS242 
29 
50 


Hi-Z 
'LS243 
32 
54 


Notes: 
1. For conditions 
shown as MI N' or MAX., 
use the appropriate 
value specified 
under recommended 
operating 
conditions. 


2. All typical valuesare Vee = 5.0V, TA = 25°C. 


3. Not more than one output 
should 
be shorted 
at a time, 
and duration 
of the short-circuit 
should 
not exceed one second. 


4. For 'LS242 
and 'LS243 
Ice is measured with 
transceivers 
enabled in one direction 
only. 
or with 
all transceivers 
disabled. 


Vec 
14 


!lAB 


SWITCHING 
CHARACTERISTICS 
Am25lS242 
Am54lSI74lS242 
(TA = +25°C,vcc = 5.QV) 
Test Conditions 
Parameters 
Description 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 
(Notes 1-5) 


tpLH 
Propagation Delay Time, 


8.0 
12 
9.0 
14 
ns 
low-to-High-level 
Output 


tpHL 
Propagation Delay Time, 
12 
16 
12 
18 
ns 
CL = 45pF 
High-to-low-level 
Output 
RL = 6670 


tpZL 
Output Enable Time to low 
level 
20 
30 
20 
30 
ns 


tpZH 
Output Enable Time to High level 
15 
23 
15 
23 
ns 


tpLZ 
Output Disable Time from low 
level 
15 
25 
15 
25 
ns 
CL = 5.0pF 


tpHZ 
Output Disable Time from High level 
10 
18 
10 
18 
ns 
RL = 6670 


Am25LS242 
ONLY 
Am25lS COM'l 
Am25lS 
Mil 
SWITCHING 
CHARACTERISTICS 


OVER OPERATION 
RANGE* 
TA = O°Cto +70°C 
TA = -55°C to +125°C 
Vcc = 5.0V ±5% 
Vcc = 5.0V ±10% 
Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test Conditions 


tpLH 
Propagation Delay Time. 
16 
19 
ns 
low-to-High-level 
Output 


tpHL 
Propagation Delay Time. 
ns 
CL = 45pF 
High-to-low-level 
Output 
22 
25 
RL = 6670 


tpZL 
Output Enable Time to low 
level 
37 
42 
ns 


tpZH 
Output Enable Time to High level 
29 
33 
ns 


tpLZ 
Output Disable Time from low 
level 
33 
38 
ns 
CL - 
5.0pF 


tPHZ 
Output Disable Time from High level 
25 
28 
ns 
RL = 6670 


Am25LS243· 
Am54LSI74LS243 


SWITCHING 
CHARACTERISTICS 
Am25lS243 
Am54LS/74LS243 
(TA = +25°C, Vcc = 5.QV) 
Test Conditions 
Parameters 
Description 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 
(Notes 1-5) 


tpLH 
Propagation Delay Time, 
10 
15 
12 
18 
ns 
low-to-High-level 
Output 


tpHL 
Propagation Delay Time, 
12 
18 
12 
18 
ns 
CL = 45pF 
High-to-low-level 
Output 
RL = 6670 


tpZL 
Output Enable Time to low 
level 
20 
30 
20 
30 
ns 


tpZH 
Output Enable Time to High level 
15 
23 
15 
23 
ns 


tpLZ 
Output Disable Time from low 
level 
15 
25 
15 
25 
ns 
CL = 5.0pF 


tpHZ 
Output Disable Time from High level 
10 
18 
10 
18 
ns 
RL = 6670 


Am25LS243 
ONLY 
Am25lS COM'L 
Am25LS Mil 
SWITCHING 
CHARACTERISTICS 


OVER OPERATION 
RANGE* 
TA = O°Cto +70°C 
TA = -55°C to +125°C 
Vcc = 5.0V ±5% 
Vcc = 5.0V ±10% 
Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test Conditions 


tpLH 
Propagation Delay Time, 
21 
24 
ns 
low-to-High-level 
Output 


tpHL 
Propagation Delay Time, 
25 
28 
ns 
CL = 45pF 
High-to-low-level 
Output 
RL = 6670 


tpZL 
Output Enable Time to low 
level 
41 
47 
ns 


tpZH 
Output Enable Time to High level 
33 
49 
ns 


tpLZ 
Output Disable Time from low 
level 
36 
38 
ns 
CL = 5.0pF 


tPHZ 
Output Disable Time from High level 
25 
28 
ns 
RL = 6670 


LOAD CIRCUIT FOR 


THREE-STATE 
OUTPUTS 
VOLTAGE 
WAVEFORMS 


ENABLE AND DISABLE TIMES. THREE-STATE 
OUTPUTS 


OUTPUT 
,... 
3V 


CONTROL 
~ 
t---4 
(lOW·lEVEL 
1.3V 
) 
I 
1.3V 


ENABLING) 
I'-------~l 
------- 
rlZll 
ILZ 


WAVEFORM 
1 
~~45V 
5, & 52 
L: 


'ClOSED 
1 3V 
~LOSED 
'e1.5V 
52OPEN· 
-----l. 
h 


~VOL 


1ZH-t 
1HZ 
U.;V 
ntJ 
I 
J------l----!~ 
VOH 


$1 OPEN 
1.3V 
\ 
I<SlL&<S-2~:-T 
,.,lSV 


$2 CLOSED 
""OV 
CLOSED 


Notes: 
1. Waveform 1 is for an output 
with 
internal 
conditions 
such that the output 
is low except when disabled by the output 
control. 


2. Waveform 2 is for an output 
with 
internal conditions 
such that the output 
is high except when disabled by the output 
control. 


3. In the examples above, the phase relationships 
between 
inputs and outputs 
have been chosen arbitrarily_ 


4. Pulse generator 
characteristics: 
PRR ~ 1MHz, 
ZOUT 
;::,,:son, tr ~ 15n5, tf ~ 6n5. 
5. When measuring 
tpLH 
and tPHL. 
switches 
$1 and $2 are closed. 


CONTROL 
DATA 
INPUTS 
OUTPUTS 


GAB 
GBA 
A 
B 


H 
H 
0 
I 


L 
H 
. . 


H 
L 
ISOLATED 


L 
L 
I 
0 


CONTROL 
DATA 


INPUTS 
OUTPUTS 


GAB 
GBA 
A 
B 


H 
H 
0 
I 


L 
H 
. . 


H 
L 
I 
ISOLATED 


L 
L 
I 
I 
0 


I = Input 


0= 
Output 


0= Inverting 
Output 


Am26LS29 
Quad Three-State 
Single Ended RS·423 Line Driver 


DISTINCTIVE 
CHARACTERISTICS 


• 
Four single ended line drivers in one package for maximum 
package density 
• 
Output short-circuit protection 


• 
Individual rise time control for each output 


• 
50n transmission line drive capability 


• 
High capacitive load drive capability 


• 
Low Ice and lEE power consumption (26mW/driver typ.) 
• 
Meets all requirements of RS-423 


• Three-state outputs for bus oriented systems 
• 
Outputs do not clamp line with power off or in hi-impedance 
state over entire transmission line voltage range of RS-423 


• 
Low current PNP inputs compatible with TIL, MOS and CMOS 


• 
Available in military and commercial temperature range 


• 
Advanced low power Schottky processing 


• 
100% reliability assurance screening to MIL-STD-883 
requirements 


Package 
Type 


Hermetic DIP 
Hermetic Flat Pak 
Dice 
Hermetic DIP 
Molded DIP 
Dice 


Temperature 
Range 


- 55°C to + 125°C 
-55°C 
to +125°C 


-55°C 
to +125°C 
O°Cto +70°C 
O°Cto +70°C 
O°Cto +70°C 


FUNCTIONAL 
DESCRIPTION 


The Am26LS29 is a quad single ended line driver, designed for 
digital data transmission. The Am26LS29 meets all the require- 
ments of EIA Standard RS-423 and Federal STD 1030. Itfeatures 
four buffered outputs with high source and sink current, and 
output short circuit protection. 


A slew rate control pin allows the use of an external capacitor to 
control slew rate for suppression of near end cross talk to receiv- 
ers in the cable. 


The Am26LS29 has three-state outputs for bus oriented systems. 
The outputs in the hi-impedance state will not clamp the line over 
the transmission line voltage of RS-423. A typical full duplex 
system would use the Am26LS29 line driver and up to twelve 
Am26LS32 line receivers or an Am26LS32 line receiver and up to 
thirty-two Am26LS29 line drivers with only one enabled at a time 
and all others in the three-state mode. 


The Am26LS29 
is constructed 
using advanced 
low-power 


Schottky processing. 


Order 
Number 


AM26LS29DM 
AM26LS29FM 
AM26LS29XM 
AM26LS29DC 
AM26LS29PC 
AM26LS29XC 


CONNECTION 
DIAGRAM 


Top 
View 


Vee 


SLEW RATE 
CONTROL 
A 


INPUT A 
OUTPUT 
A 


INPUT 
B 
OUTPUT B 


ENABLE 
SLEW RATE 
CONTROL 
B 


GNO 
SLEW RATE 
CONTROL 
C 


INPUT 
C 
OUTPUT 
C 


INPUT 0 
OUTPUT 0 


V" 


SLEW RATE 
CONTROL 0 


Am26LS29 


ABSOLUTE MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life 
may be impaired) 


Storage 
Temperature 


Supply 
Voltage 


V+ 
V- 


Power 
Dissipation 


Input 
Voltage 


Output 
Voltage 
(Power 
Off) 


Lead Soldering 
Temperature 
(10 seconds) 


7.0V 
-7.0V 


600mW 


-0.5 to +15.0V 


±15V 


300°C 


ELECTRICAL 
CHARACTERISTICS 
over the operating 
temperature 
range 


The following 
conditions 
apply 
unless otherwise 
specified: 


Am26LS29XM 
(MI Ll 
T A = -SSoC 
to +12SoC 
VCC = S.OV +10, 
-S%. 
VEE = -5.0V 
-10, 
+S% 
Am26LS29XC 
(COM'Ll 
TA = O°C to +70°C 
VCC = 5.0V 
'S%, 
VEE = -5.0V 
.S% 


Typ. 
(Note 
1) 


Vo 
V,N = 2.4V 
4.0 
4.4 
6.0 
Volts 


Vo 
Output 
Voltage 
RL =- 
V,N 
-0.4V 
-4.0 
-4.4 
--6,0 
Volts 


VT 
V,N - 2.4V 
3.6 
4.1 
Volts 


VT 
Output 
Voltage 
RL = 4S0n 


VIN = 0.4V 
-3.6 
-4.1 
Volts 


IVTI-lvTI 
Output Unbalance 
Ivcc 
1= IVEEi. 
RL = 4S0n 
0.02 
0.4 
Volts 


IX+ 
Output 
Leakage Power Off 
Vo = 10V 
2.0 
100 
IJ.A 


IX 


VCC = VEE = OV 


Vo 
- -10V 
-2.0 
-100 
IJ.A 


'S+ 
V,N 
- 2.4V 
-70 
-lS0 
mA 


'S- 


Output 
Short Circuit Current 
Vo = OV 


VIN - O.4V 
60 
lS0 
mA 


'Slew 
Slew Control 
Current 
VSLEW 
- VEE + 0.9V 
.110 
IJ.A 


'CC 
Positive Supply 
Current 
VIN 
- OAV, 
RL -- 
18 
30 
mA 


'EE 
Negative Supply 
Current 
V,N 
- 0.4V, 
RL -- 
-10 
-22 
mA 


'0 
Off State (High Impedancel 
VCC = MAX. 
I Vo = 10V 
2.0 
100 
IJ.A 


Output Current 
I Vo 
- 
-10V 
-2.0 
-100 
IJ.A 


V,H 
High 
Level 
Input 
Voltage 
2.0 
Volts 


V,L 
Low 
Level 
Input 
Voltage 
0.8 
Volts 


V'N 
= 2AV 
1.0 
40 
IJ.A 
IIH 
High 
Level 
I nput 
Current 
V,N 
<; 15V 
10 
100 
IJ.A 


IlL 
Low 
Level 
Input 
Current 
V,N 
= 0.4V 
-30 
-200 
IJ.A 


V, 
Input 
Clamp 
Voltage 
IIN = -12mA 
-l.S 
Volts 


AC CHARACTERISTICS 


VCC = 5.QV, VEE = -5.QV, 
TA = 25°C 


Typ. 


Min. 
(Note 1) 
Max. 


Cc = SOpF 
3.0 
/LS 
tr 
Rise Time 
RL = 4S00, CL = 5OOpF, Fig. 1 
Cc = OpF 
120 
300 
ns 


Cc = SOpF 
3.0 
/LS 
tf 
Fall Time 
RL = 4S00, CL = 5OOpF, Fig. 1 
Cc = OpF 
300 
120 
ns 


Src 
Slew Rate Coefficient 
RL = 4S00, CL = SOOpF,Fig. 1 
.06 
/Ls/pF 


tLZ 
180 
300 


tHZ 


RL = 4S00, CL = SoopF, Cc = OpF, Fig. 2 


250 
350 
Output Enable to Output 
ns 
tZL 
RL = 4S00, CL = SOOpF,Cc = OpF, Fig. 2 
2S0 
3S0 


tZH 
180 
300 


Notes: 
1. Typical limits are at Vcc = S.OV, VEE = -S.OV, 2SoC ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 


SWITCHING 
TIME WAVEFORMS 
AND AC TEST CIRCUITS 


2.5V 


INPUT 
OUTPUT 


INPUT 
tr<; 
1001 


I 
e 


Lr 


RL 


I 


~ 
I 


-= 


OUTPUT 


-= 
I 
I 


VEE-L-=6LS29 
~ 


BLI·OO6 
BlI-OOl 


Figure 1. Rise Time Control. 


wi 
)C' 
INPUT 
OUTPUT 


I 
l-t 
PHZ 


e 


Lr 


RL 
D 


I 


~ 
I 


-= 


tplZ 
OUTPUT 
-= 
I 
I 


VEE-L -=6LS29 
~ 


lIC-329 
Figure 2. Three State Delays. 
BlI·OO7 


Am26LS29 
EQUIVALENT 
CIRCUIT 


Vcc 


Rn 
an 


R" 
D, 


a" 


R" 


R" 


15 
A OUT 


R, 
R, 
R, 
R, 
R6 
(14) BOUT 
(11) C OUT 


a, 
no) 0 OUT 


ENABLE 
03 
a, 
D, 


a" 


D, 


a" 


GND 
R" 
R" 


R20 
V" 


2 
AINPUT 
16 
ASLEW 


IJI 8 INPUT 
113) BSLEW 


(61 C INPUT 
(12) C SLEW 


17J 0 
INPUT 
f91DSLEW 


BlI·011 


4-28 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 


,k 


l 
100 


I 
w,. 
i= 
w 
'" 
'0 
ii' 


v 


~ 
/ 


Metallization and Pad Layout 


SLEW RATE 
INPUT 
A 
VCC 
CONTROL 
A 
2 
1 
,. 


"OUTPUT 
A 
3 


INPUT 
B 
,. 
• 
OUTPUTS 


ENABLE 
'3 
SLEW RATE 
• 
CONTROL 
8 
GND 
12 
• 
SlEW 
RATE 
INPUT 
C 
CONTROL 
C 


11 
OUTPUTC 


'0 
7 
8 
• 
OVTPUTD 
INPUT 0 
"ee 
SLEW RATE 
CONTROL 
0 


Am26LS30 


Dual Differential 
RS·422 Party Line/Quad Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 


• 
Dual RS-422 line driver or quad RS-423 line driver 


• 
Driver outputs do not clamp line with power off or in 
hi-impedance state 
• 
Individually three-state drivers when used in differential mode 


• 
Low lee and lEEpower consumption 


RS-422 differential mode 
35mW/driver typo 
RS-423 single-ended mode 
26mW/driver typo 
• 
Individual slew rate control for each output 


• son transmission 
line drive capability (RS-422 into virtual 


ground) 
• 
Low current PNP inputs compatible with TTL, MOS and CMOS 


• 
High capacitive load drive capability 


• 
Exact replacement for DS16/3691 
• 
Advanced low power Schottky processing 


• 
100% reliability assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am26LS30 is a line driver designed for digital data transmis- 
sion. A mode control input provides a choice of operation either as 
two differential line drivers which meet all of the requirements of 
EIA Standard RS-422 or four independent single-ended RS-423 
line drivers. 


In the differential mode the outputs have individual three-state 
controls. In the hi-impedance state these outputs will not clamp 
the line over a common mode transmission line voltage of ±10V. 
A typical full duplex system would be the Am26LS30 differential 
line driver and up to twelve Am26LS32 line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS30 differen- 
tial drivers. 


A slew rate control pin allows the use of an external capacitor to 
control slew rate for suppression of near end cross talk to receiv- 
ers in the cable. 


The Am26LS30 
is constructed 
using Advanced 
Low Power 


Schottky processing. 


Logic for Am26LS30 with 


Mode Control 
HIGH (RS-423) 
Logic for Am26LS30 with 


Mode Control 
LOW (RS-422) 


~ 
SRCONTROLA 


,NPUT 
A--v-- 
OUTPUT 
A 


SR CONTROL 
B 
,~"-t>= 00""" 


SR CONTROL C 


,••• 
<-t>= 00""" 


SR 
CONTROL 
0 
,~'"-t>= 00_" 


VCC-- 


Package 
Type 


Hermetic DIP 
Hermetic Flat Pak 
Dice 
Hermetic DIP 
Molded 
DIP 
Dice 


Temperature 
Range 


-55°C to +125°C 
-55°C to +125°C 
- 55°C to + 125°C 


O°Cto +70°C 
O°C to +70°C 
O°Cto + 70°C 


Order 
Number 


AM26LS30DM 
AM26LS30FM 
AM26LS30XM 
AM26LS30DC 
AM26LS30PC 
AM26LS30XC 


ENABLE 
B --€--i>'~ 
SA CONTROL 
A 


OUTPUT A 


INPUT A 


OUTPUT 
B 


SA CONTROL 
B 


~ 


SRCONTROLC 


OUTPUT 
C 


INPUT 
0 


OUTPUT 
0 


___ 
7 
SR CONTROL 
0 


ENABLEC~ 


Vcc 
_ 


SLEW RATE 
CONTROL 
A 


OUTPUT A 


OUTPUT 
B 


SLEW 
RATE 
CONTROL B 


SLEW 
RATE 
CONTROL C 


OUTPUT C 


OUTPUT 0 


SLEW 
RATE 
CONTROL 0 


Note: 
Pin 1 is marked 
for orientation. 


Am26LS30 


ABSOLUTE MAXIMUM 
RATINGS 
(Above which 
the useful life may be impaired) 


Storage Temperature 


Supply 
Voltage 


V+ 
V- 


Power Dissipation 


Input 
Voltage 


Output 
Voltage 
(Power Off) 


Lead Soldering 
Temperature 
(10 seconds) 


7.0V 


-7.0V 


600mW 


-0.5 
to +15.0V 


±15V 


300°C 


ELECTRICAL 
CHARACTERISTICS 
over the operating 
temperature 
range 


The Following 
Conditions 
Apply 
Unless Otherwise 
Specified: 


Am26LS30XM (MIL) 
TA = _55°C to +125°C 
VCC ~ 5.0V ±10%. VEE = GND 


Am26LS30XC (COM'L) 
TA ~ O°Cto +70°C 
VCC ~ 5.0V ±5%. VEE = GND 


EIA RS422 Connection. Mode Voltage = 0.8V 
DC CHARACTERISTICS 
over the operat1ng temperature 
range 


Typ. 


(Note 1) 


Vo 
VIN = 2.0V 
3.6 
6.0 
Volts 


Vo 
Differential Output Voltage. VA. B 
RL ~ 00 


VIN - 0.8V 
-3.6 
-6.0 
Volts 


VT 
VIN - 2.0V 
2.0 
2.4 
Volts 


VT 
Differential Output Voltage. VA. B 
RL ~ lOOn 


VIN - 0.8V 
-2.0 
-2.4 
Volts 


VOS. VOS 
Common Mode Offset Voltage 
RL 
lOOn 
2.5 
3.0 
Volts 


IVTI-lvTI 
Difference 
in Differential 
Output 
Voltage 
RL ~ lOOn 
0.005 
0.4 
Volts 


IVosl-lvosl 
Difference 
in Common 
Mode Offset 
Voltage 
RL = lOOn 
0.005 
0.4 
Volts 


VSS 
IVT-VTI 
RL ~ lOon 
4.0 
4.8 
Volts 


VCMR 
Output 
Voltage Common 
Mode Range 
VENABLE - 2.4V 
±10 
Volts 


IXA 
VCMR - 10V 
100 
!"A 
IXB 
Output Leakage Cur~ent 
VCC ~OV 
VCMR - -10V 
-100 
!"A 


lOX 
Off State (High Impedance) 
VCMR •• 10V 
100 
!"A 
Output Current 
VCC ~ MAX. 
VCMR ;. -10V 
-100 
!"A 


VOA = 6.0V 
80 
150 
mA 
VIN = 2.4V 
VOB - OV 
-80 
-150 
mA 
ISA.ISB 
Output 
Short Circuit 
Current 


VOA - OV 
-80 
-150 
mA 
VIN ~ O.4V 
VOB - 6.0V 
80' 
150 
mA 


Icc 
Supply Current 
18 
30 
mA 


VIH 
High Level Input Voltage 
2.0 
Volts 


VIL 
Low 
Level 
Input 
Voltage 
0.8 
Volts 


IIH 
High 
Level 
Input 
Current 
VIN ~ 2.4V 
1.0 
40 
!"A 


VIN •• 15V 
10 
100 
!"A 


IlL 
Low 
Level 
Input 
Current 
VIN ~ O.4V 
-30 
-200 
!"A 


VI 
Input 
Clamp 
Voltage 
IIN = -12mA 
-1.5 
Volts 


AC CHARACTERISTICS 
EIA RS-422 
Connection, 
Vcc = 5.0V, VEE = GND, Mode = O.4V, TA z 25°C 
Typ. 


Min. 
(Note 1) 
Max. 


tr 
Differential Output Rise Time 
Fig. 2, RL = lOOn, CL = 500pF 
120 
200 
ns 


tf 
Differential Output Fall Time 
Fig. 2, RL = lOOn, CL = 500pF 
120 
200 
ns 


tpDH 
Output Propagation Delay 
Fig. 2, RL = lOOn, CL = 500pF 
120 
200 
ns 


tpOL 
Output Propagation Delay 
Fig. 2, RL = lOOn, CL = 500pF 
120 
200 
ns 


tLZ 
RL = 450n, CL = 5OOpF,Cc = OpF, Fig. 3 
180 
300 


tHz 
250 
350 
Output Enable to Output 
ns 
tZL 
250 
350 


tZH 


RL ~ 450n, CL ~ 500pF, Cc = OpF, Fig. 3 
180 
300 


Notes: 
1. Typical limits are at VCC = 5.0V, VEE = GND, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-422 where applicable. 
3. RL connected between each output and its complement. 


ELECTRICAL 
CHARACTER ISTICS over the operating 
temperature 
range 


The following 
conditions 
apply unless otherwise 
specified: 


Am26LS30XM (MIL) 
TA = _55°C to +125°C 
VCC = 5.0V ±10%, VEE = -5.0V 
±10% 
Am26LS30XC (COM'L) 
TA = O°Cto +70°C 
VCC = 5.0V ±5%,VEE = -5.0V 
±5% 
RS-423Connection, Mode Voltage •• 2.0V 


Typ. 
(Note 1) 


Vo 
RL - 
00, 
VIN = 2.4V 
4.0 
4.4 
6.0 
Volts 


Vo 
Output Voltage 
IVccl = [VEE[ = 4.75V 
VIN = O.4V 
-4.0 
-4.4 
-6.0 
Volts 


VT 
RL - 450n, 
VIN - 2.4V 
3.6 
4.1 
Volts 


VT 
Output Voltage 


IVccl = IVEEI = 4.75V 
VIN = O.4V 
-3.6 
-4J 
Volts 


IVTI-lvTI 
Output 
Unbalance 
IVccl-lvEEI. 
RL - 450n 
0.02 
0.4 
Volts 


IX+ 
Output LeakagePowerOff 
VCC = VEE = OV 
Vo - 6.0V 
2.0 
100 
J.lA 


Ix- 
Va 
-6.0V 
-2.0 
-100 
J.lA 


IS+ 
Output Short Circuit Current 
VIN - 2.4V 
-80 
-150 
mA 


IS- 
Vo = OV 
VIN=O.4V 
80 
150 
mA 


'Slew 
Slew Control Current 
VSLEW - VEE + 0.9V 
±140 
J.lA 


ICC 
Positive 
Supply 
Current 
VIN = O.4V, RL = 
00 
18 
30 
mA 


lEE 
Negative 
Supply 
Current 
VIN 
O.4V, RL 
00 
-10 
-22 
mA 


VIH 
High 
Level 
Input 
Voltage 
2.0 
Volts 


VIL 
Low 
Level 
Input 
VOltage 
0.8 
Volts 


VIN = 2.4V 
1.0 
40 
J.lA 
IIH 
High 
Level 
Input 
Current 


VIN" 
15V 
10 
100 
J.lA 


IlL 
Low 
Level 
Input 
Current 
VIN = O.4V 
-30 
-200 
J.lA 


VI 
Input 
Clamp 
Voltage 
IIN - -12mA 
-1.5 
Volts 


AC CHARACTERISTICS 
RS-423 
Connection, 
Vcc = 5.0V, VEE = -5.0V, 
Mode = 2.4V, TA = 25°C 
Typ. 
(Note 1) 
. 
Cc = 50pF 
3.0 
tr 
Rise Time 
Fig. 1, RL = 4500, CL = 500pF 
I-'S 


Cc = 0 
120 
300 
ns 


Cc = 50pF 
3.0 
I-'s 
tf 
Fall Time 
Fig. 1, RL = 4500, CL = 500pF 
Cc = 0 
120 
300 
ns 


Src 
Slew Rate Coefficient 
Fig. 1, RL = 4500, CL = 500pF 
.06 
I-'s/pF 


tpOH 
Output Propagation Delay 
Fig. 1, RL = 4500, CL = 500pF, Cc = 0 
180 
300 
ns 


tpOL 
Output Propagation Delay 
Fig. 1, RL = 4500, CL = 500pF, Cc = 0 
180 
300 
ns 


Notes: 1. Typical limits are at Vcc = 5.0V, VEE = -5.0V, 
25°C ambient and maximum loading. 


2. Symbols and definitions correspond to EIA RS-423 where applicable. 


SWITCHING 
TIME WAVEFORMS 
AND AC TEST CIRCUITS 
FOR EIA RS-423 CONNECTION 
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CL 


I'OOPF I 


~ 
I 
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~ 
I 
I 
VEE--L_O~~ 


SWITCHING 
TIME WAVEFORMS 
AND AC TEST CIRCUIT 


FOR RS-422 CONNECTION 


INPUT~"~ 
10n. 
~~100.\------- 
3.QV 


...·----OV 


I 


VSS/RLI 


_tpzHI_ 


\ 
OUTPUT 


·TEKCTR 
CURRENT 
TRANSF. 


OR EQUIVALENT 


Slew Rate (Rise or Fall Time) 


Versus External Capacitor 
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OUTPUTS 
1k 


MODE 
A(D) 
B(C) 
A(D) 
B(C) 


0 
0 
0 
0 
1 


0 
0 
1 
Z 
Z 


'00 
/ 
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1 
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0 


0 
1 
1 
Z 
Z 
'0 
1/ 


1 
0 
0 
0 
0 


1 
0 
1 
0 
1 


1 
1 
0 
1 
0 
1 
10 
100 
1k 
10k 
1 
1 
1 
1 
1 
CAPACITANCE 
- 
pF 
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(To' 
e, 
o,.:s~ 
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Ow 


°12°13 £ 
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- 


On 
e" 
e" 
e" 


0" 
- 
e" 
~, 
e" 
1!) AOUT 


u 
~~ 
:I~ :2~ 
-#- 
0" 
0271 
'1 
Vd 


0" 


030 
e" 
en 


'J< 
~O~ 
'n 
v" 


16 
ASlEW 
8 


(3) 
BSLEW 
(12ICSLEW 
1910 
SLEW 


Vee 
SLEW 
RATE 


INPUT 
A 
CONTROL 
A 


2 
1 
,. 


" 


3 


OUTPUT A 


INPUTI 
,. 


ENABLE 
B 
OUTPUT B 
• 
13 


MODE 
SLEW 
RATE 


CONTROL 
B 


• 
12 
OND 
SLEW 
RATE 
• 
CONTROL 
C 


INPUT! 
11 


ENABLE 
C 
OUTPUT C 


10 


7 
8 
9 


OUTPUT 0 


INPUT 
0 
V" 
SLEW 
RATE 


CONTROL 
0 


DIE SIZE 0.070" X 0.094" 


Am26LS31 


DISTINCTIVE 
CHARACTERISTICS 


• 
Output 
skew - 
2.0ns typical 


• 
Input 
to output 
delay - 
12ns 


• 
Operation 
from 
single +5V supply 


• 
16-pin hermetic 
and molded 
DIP package 


• 
Outputs 
won't 
load line when Vcc 
; 0 


• 
Four 
line 
drivers 
in 
one 
package 
for 
maximum 
package 
density 


• 
Output 
short-circuit 
protection 


• 
Complementary 
outputs 


• 
Meets the requirements 
of E IA standard 
RS-422 


• 
High 
output 
drive 
capability 
for 
lOOn 
terminated 
trans- 
mission 
lines 


• 
Available 
in military 
and commercial 
temperature 
range 


• 
Advanced 
low-power 
Schottky 
processing 


• 
100% reliability 
assurance screening to Ml L-STD-883 


requirements 


The Am26LS31 
is a quad differential 
line driver, 
designed for 


digital 
data 
transmission 
over balanced 
lines. The Am26LS31 


meets all the requirements 
of E IA standard 
RS-422 and federal 
standard 
1020. 
Is is designed to provide 
unipolar 
differential 


drive to twisted-pair 
or parallel-wire 
transmission 
lines. 


The 
circuit 
provides 
an enable and disable 
function 
common 
to 
all 
four 
drivers. 
The 
Am26LS31 
features 
3-state 
outputs 


and 
logical 
OR-ed 
complementary 
enable 
inputs. 
The inputs 


are all LS compatible 
and are all one unit 
load. 


The 
Am26LS31 
is constructed 
using 
advanced 
low-power 


Schottky 
processing. 


Package 
Type 


Hermetic 
DIP 
Flat Pak 
Dice 
Hermetic 
DIP 
Molded 
DIP 
Dice 


Order 


Number 


AM26LS31DM 
AM26LS3lFM 
AM26LS31XM 
AM26LS31DC 
AM26LS31PC 
AM26LS31XC 


Temperature 


Range 


-55°C 
to +125°C 
_55°C to +125°C 
-55°C 
to +125°C 


0°Cto+70°C 
0°Cto+70°C 
DoC to +70°C 


CONNECTION 
DIAGRAM 


(Top View) 


INPUT A 
+5.OV 


A OUTPUTS 
{ 


INPUT 0 


} 0 OUTPUTS 


ENABLE 


B OUTPUTS 
{ 


ENABLE 


} C OUTPUTS 


INPUT B 


GNO 
INPUT C 


ArTI?~1 ~~1. 


Storage Temperature 
Range 


5.5V 


-65°Cto+150°C 


ELECTRICAL CHARACTERISTICS 
over the operating 
temperature 
range 


The following 
conditions 
apply unless otherwise 
specified: 


Am26L531XM 
(MIL) 
TA ~ -SSOCto 
+12SoC 
VCC= 
SV ± 10% 


Am26LS31 
XC 
(COM'U 
T A;; 
ooc to +70oC 
Vcc 
= 5V 
± 5% 


VOH 
Output 
HIGH 
Voltage 
VCC = Min., 
10H = -20mA 
2.5 
3.2 
Volts 


VOL 
Output 
LOW Voltage 
VCC = Min., 
10L = 20mA 
0.32 
0.5 
Volts 


VIH 
Input 
HIGH 
Voltage 
VCC = Min. 
2.0 
Volts 


VIL 
Input 
LOW VOltage 
Vce 
= Max. 
0.8 
Volts 


IlL 
Input 
LOW Current 
Vec 
= Max., VIN = OAV 
-0.20 
-0.36 
mA 


IIH 
Input 
HIGH 
Current 
VCC = Max., VIN = 2.7V 
0.5 
20 
IJ.A 


II 
Input Reverse Current 
VCC = Max., VIN 
= 7.0V 
0.001 
0.1 
mA 


10 
Off-State 
(High 
Impedance) 
Vce 
= Max. 
I 
Vo 
= 5.5V 
0.5 
20 
IJ.A 
Output 
Current 
I 
Vo 
= 0.5V 
0.5 
-20 


VI 
Input 
Clamp Voltage 
Vec 
= Min., 
IIN ~ 18mA 
-0.8 
-1.5 
Volts 


ISC 
Output 
ShOft 
Circuit Current 
VCC = Max. 
-30 
-60 
-150 
mA 


Ice 
Power Supply Current 
Vec - Max., all outputs 
disabled 
60 
80 
mA 


tPLH 
Input 
to Output 
VCC = 5.0V, TA = 25°C, 
Load = Note 2 
12 
20 
ns 


tpHL 
Input 
to Output 
VCC = 5.0V, TA 
= 25°C, 
Load = Note 2 
12 
20 
ns 


SKEW 
Output 
to Output 
Vec 
= 5.0V, TA = 25°C, 
Load = Note 2 
2.0 
6.0 
ns 


tLZ 
Enable to Output 
VCC = 5.0V, 
TA ~ 25°C, 
CL = 10pF 
23 
35 
ns 


tHZ 
Enable to Output 
VCC = 5.0V, 
TA = 25°C, 
CL = 10pF 
17 
30 
ns 


tZL 
Enable to Output 
Vce 
= 5.0V, 
T A = 25°C, 
Load = Note 2 
35 
45 
ns 


tZH 
Enable to Output 
Vce 
= 5.0V, 
T A = 25°C, 
Load = Note 2 
30 
40 
ns 


Notes: 
1. 
All 
typical 
values 
are VCC 
= 5.QV, 
T A = 2SoC. 


2. 
CL 
= 30pF, 
VIN;; 
1.3V 
to VOUT 
= 1.3V, 
VPULSE 
= OV to +3.0V, 
See Below. 


AC LOAD TEST CIRCUIT 


FOR THREE-STATE 
OUTPUTS 
PROPAGATION 
DELAY 


(Notes 1 and 3) 


CL INCLUDES 


PROBE AND JIGI 
CAPACITANCE 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 


Notes: 
1. 
Diagram 
shown 
for 
Enable 
LOW. 


2. S1 and S2 of Load Circuit 
are closed except 
where 
shown. 


3. Pulse Generator 
for All Pulses: 
Rate:CO;;1.0MHz; 
Zo 
2: 50n; 
tr '" 15ns; tf" 
G.Ons. 


GNO 


R3• 


R32 
R33 
R3• 
.K 
0,. 
R37 
D 


°'3 
°23 
R3• 
TO OTHER 
rn 
THREE 
DRIVERS 


0" 
R3• 


R4D 
0,. 
R,. 
(FEED THAU) 


BLI-D23 


Guaranteed VOH and VOL 
(TA = _55°C to +125°C) 


s.o 


4.0 


0; 
I- 


3.0 
-'0? 
I- 
::> 
2.0 
0 
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1.0 


0 
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4.0 
8.0 
12 
16 
20 


L1C·358 
IOL OR -IOH 
(mAl 
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3.0 
0? 
u 
2.0 
u 
> 


1.0 


I 
I 


I 
I 
- 


Iss·~ 
- J< 
. 


2S·C 
-- 
/ 


7j12SiC 
./ /. 


~ 


PIN 4" 
0.8V. PIN 12;;' 2.0V 


RL· 
10kn TO GROUNO 
- 


AREA 
INSIDE 
ENVELOPE 


IS LOW IMPEDANCE. I-sonl 
- 
AREA OUTSIDE ENVELOPE 
IS HIGH IMPEDANCE 1;;'1/4MnJ 


Metallization and Pad Layout 


-+5.0V 


INPUT 
A 
15 
15 
INPUT 0 


CHANNEL 
A 
{ 
2 
"I 


CHANNEL 0 


OUTPUTS 
OUTPUTS 


3 
13 


ENABLE 
12 
ENABLE 


CHANNEL 
51' 
"I 


CHANNEL 
C 


OUTPUTS 
OUTPUTS 


5 
10 


INPUT 
B 
8 
INPUT 
C 


GND 


DIE SIZE 0.067" 
X 0.084" 


Am26LS32 • Am26LS33 


DISTINCTIVE 
CHARACTERISTICS 


• 
Input 
voltage 
range of 
15V 
(differential 
or common 
mode) 


on 
Am26LS33; 
7V 
(differential 
or 
common 
mode) 
on 


Am26LS32 
• 
±0.2V 
sensitivity 
over the input voltage range on Am26LS32; 
±0.5V 
sensitivity 
on Am26LS33 
• 
The Am26LS32 
meets all the requirements 
of 
R5-422 
and 


RS-423 


• 
6k minimum 
input 
impedance 
• 
30mV 
input 
hysteresis 


• 
Operation 
from 
single +5V supply 
• 
16-pin hermetic 
and molded 
DIP package 
• 
Fail 
safe 
input-output 
relationship. 
Output 
always 
high 


when inputs are open. 


• 
Three-state 
drive, 
with 
choice 
of 
complementary 
output 


enables, for receiving directly 
onto a data bus. 


• 
Propagation 
delay 17ns typical 


• 
Available 
in 
military 
and 
commercial 
temperature 
range 
• 
Advanced 
low-power 
Schottky 
processing 


• 
100% reliability 
assurance screening to MI L-STD-883 


requirements 


FUNCTIONAL 
DESCRIPTION 


The Am26LS32 
is a quad 
line 
receiver designed to meet the 


requirements 
of 
RS-422 
and 
RS-423, 
and 
Federal 
Standards 


1020 
and 
1030 
for 
balanced 
and 
unbalanced 
digital 
data 


transm ission. 


The Am26LS32 
features 
an input 
sensitivity 
of 200mV 
over 


the input 
voltage range'of 
±7V. 


The Am26LS33 
features 
an input 
sensitivity 
of 500mV 
over 


the input 
voltage range of ±15V. 


The Am26LS32 
and Am26LS33 
provide 
an enable and disable 


function 
common 
to 
all four 
receivers. Both 
parts feature 
3- 


state outputs 
with 
8mA 
sink capability 
and incorporate 
a fail 


safe input-output 
relationship 
which 
keeps the 
outputs 
high 


when the inputs are open. 


The 
Am26LS32 
and 
Am26LS33 
are constructed 
using Ad- 


vanced Low-Power 
Schottky 
processing. 


Package 
Type 


Hermetic 
DIP 


Flat Pak 


Dice 


Hermetic 
DIP 


Molded 
DIP 


Dice 


Order 
Number 
Temperature 
Range 


-55°C 
to +125°C 


-55°C 
to +125°C 


-55°C 
to +125°C 


O°C to +70°C 


O°C to +70°C 


O°C to +70°C 


AM26LS32DM 


AM26LS32FM 


AM26LS32XM 


AM26LS32DC 


AM26LS32PC 


AM26LS32XC 


AM26LS33DM 


AM26LS33FM 


AM26LS33XM 


AM26LS33DC 


AM26LS33PC 


AM26LS33XC 


CONNECTION 
DIAGRAM 


Top View 


INPUTS A 
{ 


vcc 


} 
INPUTS B 


OUTPUT 
A 


ENABLE 
OUTPUT 
B 


OUTPUT 
C 
ENABLE 


NPUTS C 
{ 


OUTPUT 0 


} 
,NPUTS D 


GND 


Am26LS32 
• Am26LS33 


ABSOLUTE MAXIMUM 
RATINGS (Above which the useful life may be impaired) 


Supply 
Voltage 


Common 
Mode Range 


Differential 
Input Voltage 


Enable Voltage 


Output 
Sink Current 


Storage Temperature 
Range 


7.QV 


±25V 


±25V 


7.QV 


5QmA 


_65°C to +165°C 


ELECTRICAL CHARACTERISTICS 
Over the operating 
temperature 
range 


The following 
conditions 
apply unless otherwise 
specified: 


Am26LS32XM, 
Am26LS33XM 
(MIL) 
TA = _55°c 
to +12SoC 


Am26LS32XC, 
Am26LS33XC 
(COM'Ll 
TA ~ OOCto +70oC 
VCC = 5.0V ± 10% 
VCC = 5.0V 
± 5% 


Test Conditions 


I Am26LS32, 
-7V 
<;; VCM 
<;; +7V 
0.2 
0.06 
0.2 
VTH 
Differential 
Input 
Voltage 
VOUT 
~ VOL 
or VOH 
Volts 
I Am26LS33, 
-15V 
0;; VCM 
<;; +15V 
0.5 
0.12 
0.5 


RIN 
Il)put Resistance 
-15V 
•• V CM 0;; +15V 
(One input 
AC ground) 
6.0k 
8.5k 
n 


IIN 
Input 
Current 
(Under 
Test) 
VIN 
= +15V, 
Other 
Input 
-15V 
<; VIN 
<; +15V 
2.3 
mA 


IIN 
Input 
Current 
(Under 
Test) 
VIN 
= -15V, 
Other 
Input 
-15V 
<; VIN 
0;; +15V 
-2.8 
mA 


VCC - Min., 
aVIN 
= +1.0V 
COM'L 
2.7 
3.4 
VOH 
Output 
HIGH 
Voltage 
Volts 


VENABLE 
= 0.8V, 
10H ~ -4401JA 
MIL 
2.5 
3.4 


VCC ~ Min., 
aVIN 
= -1.0V 
10L - 4.0mA 
0.4 
VOL 
Output 
LOW Voltage 
Volts 
VENABLE 
= 0.8V 
10L ~8.0mA 
0.45 


VIL 
Enable LOW Voltage 
0.8 
Volts 


VIH 
Enable HIGH 
Voltage 
2.0 
Volts 


VI 
Enable Clamp 
Voltage 
VCC ~ Min., 
IIN ~ -18mA 
-1.5 
Volts 


Off-State 
(High 
Impedance) 
Vo 
= 2.4V 
20 
10 
Output 
Current 
VCC = Max. 
IJA 


Vo 
= 0.4V 
-20 


IlL 
Enable 
LOW Current 
VIN 
= O.4V 
-0.2 
-0.36 
mA 


IIH 
Enable HIGH 
Current 
VIN 
= 2.7V 
0.5 
20 
IJA 


II 
Enable Input 
High Current 
VIN 
~ 5.5V 
1 
100 
IJA 


ISC 
Output 
Short Circuit 
Current 
Vo 
~ OV, VCC ~ Max., aVIN 
~ +1.0V 
-15 
-50 
-85 
mA 


ICC 
Power Supply 
Current 
VCC = Max., All 
VIN 
~ GND, 
Outputs 
Disabled 
52 
70 
mA 


VHYST 
Input 
Hysteresis 
TA 
~ 25°C, 
VCC = 5.0V, 
VCM = OV 
30 
mV 


tPLH 
Input to Output 
TA = 25°C, 
VCC ~ 5.0V, 
CL = 15pF, see test condo below 
17 
25 
ns 


tPHL 
Input 
to Output 
T A ~ 25°C, 
VCC = 5.0V, 
CL ~ 15pF, see test condo below 
17 
25 
ns 


tLZ 
Enable 
to Output 
TA = 25°C, 
VCC = 5.0V, 
CL = 5pF, 
see test condo below 
20 
30 
ns 


tHZ 
Enable 
to Output 
T A ~ 25°C, 
VCC ~ 5.0V, 
CL = 5pF, see test condo below 
15 
22 
ns 


tZL 
Enable to Output 
TA ~25°C, 
VCC =5.0V,CL 
= 15pF,seetestcond.below 
15 
22 
ns 


tZH 
Enable to Output 
T A = 25°C, 
VCC ~ 5.0V, 
CL = 15pF, see test condo below 
15 
22 
ns 


LOAD TEST CIRCUIT 


FOR THREE-STATE 
OUTPUTS 
PROPAGATION 
DELAY 
(Notes 1 and 3) 
ENABLE AND DISABLE TIMES 


(Notes 2 and 3) 


vcc 


Sl~ 
OUTPUT~p -----\=;E 


tPLH 
~tPHl 


OPPOSITE =t 
Fr--= 
+2.5V 


~~~~~- 
----- 
--- 
ov 


TRANSITION 
~ 
~ 
-2.5V 


OUTPUT 
NORMALLY 
LOW 
52 OPEN 
VOL 
I-.-l.- 'ZH 
'HZ 
I t 


~ 


' 
I. 
~VOH 
OUTPUT 


NORMALLY 
s, OPEN 
1.3V 
-1.5V 


HIGH 
_ 
-OV 
O.5V 


L1C·363 


Notes: 


1. 
Diagram shown for Enable LOW. 


2. 51 and 52 of Load Circuit are closed except 
where shown. 


3. 
PulseGenerator for All Pulses: Aate <; 1.OMHz; 
Zo ""son; tr <; 15n5; tf <. 6.0ns. 


A2] 
A2. 
A30 
A31 


0, 
D. 
D. 


D. 
TO 
OTHER 


3 CIRCUITS 


0'3 


0,. 


A32 


LINE TERMINATION 


It is important 
in a digital communication 
system 
to have the 


minimum 
amount 
of noise generated 
by undesired 
reflections 


at the driver and receiver. There are numerous 
ways of match- 
ing to the 
line. The line can be matched 
at the driver, at the 


receiver 
or both, 
each method 
has advantages 
and disadvan- 


tages. 
Generally 
for any but the 
longest 
lines it is sufficient 


to match 
at one place, and only when there are discontinuities 


in the line, party 
line operation, 
or lack of a reasonable 
match 


at the opposite 
end of the line is the extra hardware 
of match- 


ing at both 
ends 
justified. 
The majority 
of transmission 
lines 


have 
fairly 
low 
characteristic 
impedances 
(in the 
range 
of 


50 to 200 
ohms) 
and the currents 
involved 
for a reasonable 


voltage 
swing are 
quite 
large. 
It is more difficult 
to couple 


noise into this low impedance, 
but it is also more difficult 
to 


drive, 
and line drivers 
must 
have the 
ability 
to supply 
large 


currents. 


Various 
matching 
techniques 
that can be employed 
are shown 
in Figure 1. These impedance 
charts are useful in showing what 


happens 
to wave fronts 
traveling 
down 
a line, when the line 


delay 
is longer 
than 
the wave front transition. 
The DC input 


characteristic 
of the 
receiver, 
including 
any external 
compo- 


nents, 
is plotted 
on the 
V-I 
graph 
together 
with 
the 
output 


characteristic 
of the driver, including any external 
components 
used at the 
driving 
end. There are always quiescent 
points 
- 
points 
where the driver and receiver characteristics 
cross. These 


points represent the DC voltage/current 
conditions, 
which must 


eventually 
be satisfied. 
To determine 
the 
effect 
of switching 


from 
one 
quiescent 
point 
to 
the 
other, 
a line with 
a slope 


equal to the characteristic 
impedance 
of the transmission 
line 


is plotted, 
starting 
at the initial quiescent 
point and ending at 


the applicable 
output 
impedance 
characteristic. 
The point of 


intersection 
gives the voltage and current 
at the output 
of the 


driver (and the input of the transmission 
line immediately 
after 


the driver 
switched 
states). 
From 
this point 
a line having an 


equal 
but 
opposite 
slope 
is drawn to the input characteristic 


and, 
at the 
intersection 
shows the voltage/current 
conditions 


of the wave front 
at the input of the receiver. This procedure 
is repeated 
to 
the 
output 
characteristic 
and 
so on 
at each 


intersection 
of the characteristic, 
the voltage/current 
relation- 


ship 
for 
a particular 
reflection 
is given. The 
resulting 
time/ 


voltage 
relationships 
for the 
traveling 
wavefront 
at the 
two 


ends of the transmission 
line are shown alongside. 


From the graphs several important 
features 
can be seen. If the 


line is not matched 
at either end considerable 
transient 
voltage 


swings can occur. 
In fact 
if the 
input 
and output 
character- 


istics are at right angles to one another, 
the reflections 
con- 


tinue 
for an infinite 
time 
if the line is assumed 
to have zero 


loss. 
Most 
lines have extremely 
low losses, 
and, 
therefore, 


a very undesirable 
situation 
exists if the line is not matched 
at 


either end. 


If the 
Iine is matched 
at the receiver, a voltage wave of con- 
stant 
amplitude 
travels 
down 
the 
line and is absorbed 
at the 


termination. 
Note whether 
the line is terminated 
to ground or 


to the 
power 
supply 
the 
system 
consumes 
DC power, 
either 
in the 
HIGH logic level or in the 
LOW logic level. In order 
to reduce 
the 
power 
dissipation, 
a blocking 
capacitor 
can be 


used in series with the receiver termination. 
The capacitor 
can 
be chosen to look like a short circuit to the voltage wavefront 
but stop DC (current) 
flow. Since the capacitor 
must be charged 


and discharged 
through 
the line, the data rate is reduced, 
when 
this technique 
is employed. 


If the line is matched 
with a series resistor 
at the driver, then 


the line input 
initially 
rises to one half the final voltage. 
This 


wave front travels down the line and is reflected 
at the receiver. 


When the reflection 
reaches the driver the voltage at the driver 


rises to 
its final amplitude. 
The receiver, 
however, 
sees one 


transition 
from 
the 
initial to the 
final 
amplitude. 
When the 


driver switches 
from 
HIGH to LOW a similar situation 
occurs, 


in which the input of the line sees at first a step to one half the 
final value and, two line delays later, the final LOW condition. 
This back matching 
mode of operation 
consumes 
no DC power 


if the input impedance 
of the receiver is infinite. 
The advantage 


of the 
method 
is that 
if the input 
impedance 
of the receiver 


is high, very little power 
is dissipated 
and current 
only flows 


during the transition 
time, which 
is twice the line delay time. 


If back matching 
is used in a balanced 
system the terminating 


series 
resistance 
must 
be divided 
into two 
equal 
resistances 


with 
resistors 
inserted 
in series 
with 
each 
wire 
in order 
to 
maintain 
a balanced 
system. 
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EIA RS-422 AND 423 APPLICATIONS 


INTRODUCTION 
Today's high-performance 
data processing systems de- 


mand significantly faster data communications rates than 
are possible with the EIARS-232specifications in usefor the 
past ten years. 


Two new standards prepared by the Electronic Industries 
Association addressthis need. EIARS-423is an unbalanced, 
bipolar voltage specification designed to interface with RS- 
232C,while greatly enhancing its operation. It permits the 
communication of digital information over distancesof up to 
2000 feet and at data rates of up to 300 Kilobaud. EIA 
RS-422 is a balanced voltage digital 
interface for com- 
municaton of digital data over distances of 4000 feet or 
data rates of up to 10 megabaud. 


Advanced 
Micro 
Devices 
has developed 
a family 
of 


monolithic low-power 
Schottky quad line drivers and re- 


ceivers to meet the requirements of these specifications. 


The Am26lS29 and 30 line drivers and the Am26lS32 re- 
ceiver 
meet 
all 
requirements 
of 
RS-423 while 
the 


Am26lS31 
differential 
line driver and the Am26lS32 
re- 


ceiver meet the requirements of RS-422. 


A second receiver element, the Am26lS33 is available for 
use in high common mode noise environments, exceeding 
the common mode voltage requirements of RS-422and RS- 
423. 


This application note reviews the use of these devices in 
implementing the new standards. Emphasis is given to the 
EIA RS-422balanced interface. 
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Two basic forms of operation are available for transmission 
of digital data over interconnecting lines. These are the 
single ended and differential techniques. 


The single-ended form uses a single conductor to carry the 
signal with the voltage referencedto a single return conduc- 
tor. This may also be the common return for other signal 
conductors. Figure 1a. 


The single-ended form is the simplest way to send data as it 
requires only one signal line per circuit. This simplicity, how- 
ever, is often offset by the inability of this form to allow 
discrimination 
between a valid signal produced by the 


driver, and the sum of the driver signal plus externally in- 
duced noise signals. 


A solution to some of the problems inherent in the single- 
ended form of operation is offered by the differential form of 
operation. Figure 1b. This consists of a differential driver 
(essentially two single-ended drivers with one driver always 
producing the complementary output signal level to the 
other driver), a twisted pair transmission line and a differen- 
tial line receiver. The driver signal appears as a differential 
voltage to the line receiver,while the noise signals appear as 
a common mode signal. The two signals, therefore, can be 
discriminated by a line receiver with a sufficient common 
mode voltage operating range. 


The Electronic Industries Association, EIA, has defined a 
number of specifications standardizing the interface be- 
tween data terminal equipment and data circuit terminating 
equipment based on both single-ended and differential op- 
eration. 
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The most widely used standard for interfacing between data 
terminal equipment and data communications equipment 
today, is EIA RS-232C,issued in August 1969.The RS-232C 
electrical interface is a single-ended, bipolar-voltage, unter- 
minated circuit. This specification is for serial binary data 
interchange over short distances (up to 50 feet) at low rates 
(up to 20 Kilobaud). It is a protocol standard as well as an 
electrical standard, specifying 
hand shaking signals and 


functions 
between 
terminal 
and the communications 


equipment. As already noted, single-ended circuits are sus- 
ceptible to all forms of electromagnetic interference. Noise 
and cross talk susceptibility are proportional to length and 
bandwidth. RS-232Cplacesrestrictions on both. It limits slew 
rate of the drivers (30VI/oLs) 
to control radiated emission on 


neighboring circuits and allows bandwidth limiting on the 
receivers to reduce susceptibility to cross talk. The length 
and slew rate limits can adequately control reflections on 
unterminated lines, and the length and bandwidth limits are 
more than adequate to reduce susceptibility to noise. 


Like EIARS-232C,the new EIARS-423is also a single-ended, 
bipolar-voltage unterminated circuit. It extends the distance 
and data rate capabilities ofthis technique to distances of up 
to 4000feet at data ratesof 3000baud, or at higher rates of up 
to 300 Kilobaud over a maximum distance of 40 feet. 


EIA RS-422is a differential, balanced voltage interface capa- 
ble of significantly higher data rates over longer distances. It 
can accommodate rates of 100 Kilobaud over a distance of 
4000feet or rates of up to 10 megabaud. These performance 
improvements stem from the advantages of a balanced con- 
figuration which is isolated from ground noise currents. It is 
also immune to fluctuating voltage potentials between sys- 
tem ground references and to common mode electromag- 
netic interference. 
Figure 2 compares the driver output 


waveforms for the three EIA standard configurations, while 
Table I compares the key characteristics required by drivers 
and receivers intended for these applications. Since RS-232C 
has been in use for many years, RS-422and 423 parameter 
values have been selected to facilitate an orderly transition 
from existing designs to new equipment. 


n 
Vss 


Vss = IVt - vtl 
Vss = Difference in steady 


state voltages 
RL = 3Kfl to 7Kfl 
Vss min. = :t5V; Vss max. = :t25V 


to = Time duration of the unit interval 


at the applicable modulation 
rate 
t, '" O.lto when to ;;. 200ns 
t, '" 20ns when to < 200ns 


Vss = Difference in steady state voltages 
VSS = IVt - vtl 
Vss min. = 2V; Vss max. = 6V 


Vss = IVt - Vii 
Vss = Difference in steady 
state voltages 


Vss min. = :!:3.6V; Vss max. = :!:6V 


TABLE 
I 
KEY PARAMETERS OF EIA SPECIFICATIONS 


Characteristics 
EIA RS-232C 
EIA RS-423 
EIA RS-422 
Units 


Form 
of Operation 
Single 
Ended 
Single 
Ended 
Differential 


Max. 
cable 
length 
50 
2000 
4000 
Feet 


Max. 
data 
rate 
20K 
300K 
10M 
Baud 


Driver 
output 
6 volts 


voltage, 
open 
±25 
±6 
between 
Volts 
(Max.) 


circuit' 
outputs 


Driver 
output 
2 volts 


voltage, 
Loaded 
±5 to ±15 
±3.6 
between 
Volts 
(Min.) 
output' 
outputs 


Driver 
output 
resis- 
Ro = 300n 
100JLA between 
100JLA between 
Min. 
tance 
power 
off 
-6 
to +6V 
+6 and 
-.25V 
Driver 
output 
short 


circuit 
current 
lsc 
±500 
±150 
±150 
mA (Max.) 


Driver 
output 
slew 
30 V/JLsec Max. 
Slew 
rate must 
be 
No control 


rate 
controlled 
based 
necessary 
upon 
cable 
length 
and 
modulation 
rate 


Receiver 
input 
3K to 7K 
;;.4K 
;;.4K 
n 
resistance 
Rin 


Receiver 
input 
-3 
to +3 
-0.2 
to +0.2 
-0.2 
to +0.2 
Volts 
(Max.) 
thresholds 


Receiver 
input 


voltage 
-25 
to +25 
-12 
to +12 
-12 
to +12 
Volts 
(Max.) 


Most semiconductor 
manufacturers 
offer 
integrated 
circuits 


designed 
to satisfy 
the old RS-232C standard. 
A number 
of 


them 
have designs 
in progress 
to meet the new EIA specifica- 


tions. 
Products 
available 
from 
Advanced 
Micro 
Devices 
to 


meet 
these 
needs 
are shown 
in Table 
II. 


The Am26LS29, 
30, 31 and 32 are a family 
of quad drivers 
and 


receivers 
designed 
specifically 
to 
meet 
the 
new 
EIA stan- 


dards. 
These 
products 
utilize 
Low-Power 
Schottky 
technol- 
ogy 
to incorporate 
four 
drivers 
or four 
receivers, 
together 


with 
control 
logic, 
in the standard 
16-pin 
package 
outlines. 


The Am26LS29/30 
and the Am26LS32 
are driver 
and receiver 


pairs 
designed 
to implement 
the 
single-ended 
EIA RS-423 


standard. 
The Am26LS31 
is a differential 
line driver 
designed 


for use with 
the Am26LS32 
receiver 
in a differential 
mode to 


meet 
EIA RS-422. 


Am26LS29 AND Am26LS30 QUAD 
RS-423 LINE DRIVERS 


The Am26LS29 
and 30 consist 
of four single-ended 
line driv- 


ers designed 
to meet or exceed 
the requirements 
of RS-423. 


The 
buffered 
driver 
outputs 
are 
provided 
with 
sufficient 


source 
and sink current 
capability 
to drive 50 ohm to a virtual 


ground 
transmission 
line 
and 
high 
capacitive 
loads. 
The 


Am26LS29 
has 
a three-state 
output 
control 
while 
the 


Am26LS30 
has a Mode Control 
input that allows 
it to operate 


as a dual RS-422 driver 
(with 
suitable 
power 
supply 
change- 


s), Figure 
3. 


Each of the four 
driver 
inputs, 
as well 
as the 
Enable/Mode 


Control 
input 
is a PNP Low-Power 
Schottky 
input for reduced 


input 
loading, 
one-halfthe 
normal 
fan-in. 
Since there are two 
inverters 
from 
each 
input 
to 
output, 
the 
driver 
is non- 
inverting. 
When 
operating 
in 
the 
RS-423 
mode, 
the 
Am26LS29 
and 30 require 
both 
+5V and -5V 
nominal 
value 
power 
supplies. 
This allows 
the outputs 
to swing 
symmetri- 


cally 
about 
ground 
- 
producing 
a true 
bipolar 
output. 
The 
Mode Control 
(Pin 4) ofthe 
Am26LS30 
should 
be HI ortied 
to 


TABLE II 
ADVANCED MICRO DEVICES' 


EIA COMPATIBLE DEVICES 


EIA Standard 
Drivers 
Receivers 


Aml488 
Aml489, 
1489A 


Quad Driver 
Quad Receivers with 
response control pin 


Am9616 
Am9617 
RS-232C 
Triple Driver with 
Triple Receiver with 


logic control 
optional hysteresis 


Am2616 
Am2617 


Quad Driver also 
Quad Receiver specified 


specified for CCITT 
over Mil 
range 


V.24 and Mll-l88C 


RS-422 
Am26lS31 
Am26lS32 


Quad Differential 
Quad Differential 
Driver 


with three-state 
single-ended 
Receiver 


control gating 


RS-423 
Am26lS29 
Am26lS32 


Quad Driver with 
Quad single-endedl 


three-state output 
Differential 
Receiver 


Am26lS30 
Quad Driver with 
slew rate control 


Am26LS30 
RS-423 Operation 
(Mode Control 
HIGH) 


~ 
SRCONTROlA 


INPUT A-V- 
OUTPUT 
A 


SA CONTROL 
B 
,~"" 
-t>= o~"" 


SR CONTROle 
.._"-t>=~"" 


SR CONTROL 0 
'"-"-t>=""'-" 


V+ 
--- 


0, 


0, 


'. 


<. 


(Cel 


0" 


16 A SLEW 
1131BSlEW 
(l21 C SLEW 
leI 
o SLEW 


Vcc. 
Each output 
is designed 
to drive the RS-423 load of 50 


ohms with an output 
voltage 
equal or greater than +3.6 volts 
in the HI state and -3.6 
volts 
in the LO state. Each output 
is 


current 
limited 
to 150mA 
max. in either 
logic 
state. A Slew 


Rate control 
pin is brought 
out separately 
for each output 
to 


allow 
output 
ramp 
rate (rise and fall time) 
control. 
This pro- 
vides suppression 
of near end cross talk to other 
receivers 
in 


the 
cable. 
Connecting 
a capacitor 
from 
this 
node 
to that 


driver's 
respective 
output 
will 
produce 
a ramp 
(10% to 90%) 


of 
50ns 
typical 
for 
each 
picofarad 
of 
capacitance 
in that 


capacitor. 
RS-423 establishes 
recommended 
ramp rates ver- 


sus length 
of line driven 
and modulation 
rate, Figure 
4. 


The Am26LS30 
can be used at low data rates as a dual 
EIA 


RS-422 driver 
with three-state 
outputs 
by con necting 
the V EE 


supply 
and the mode 
control 
input 
to ground. 


The Am26LS31 is a quad differential line driver designed to 
meet the RS-422specification while operating with a single 
+5 volt supply. A common enable and disable function con- 
trols all four drivers, Figure 5.The driver features high speed, 
de-skewed differential outputs with typical propagation de- 
lays of 12ns and residual skew of 2ns. Both differential line 
outputs 
are designed for three-state 
operation 
to allow 


two-way half duplex and multiplex, data bus applications. 


Table III is a summary of the essential requirements of the 
RS-422standard. Section A describes the key characteristics 
satisfied by the Am26LS31 driver. 


The balanced differential line driver consists of two halves, 
each of which is similar to a Low-power Schottky TIL gate 
with equal source and sink current capability. The two halves 
are emitter coupled in a differential input configuration. One 
side of the input circuit is tied to a fixed TIL bias threshold 
and the other side is tied to a sink diode in normal OTUTIL 
fashion. This configuration 
offers complementary 
outputs 


with very low skew, dependent only upon component match- 
ing, a necessity to meet RS-422. 
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Figure 4. Data Modulation Rateor CableLength 


VersusRisetimefor EIA RS·423. 


The circuit diagram of the driver is shown in Figure 6. The 
emitter-coupled input circuit is formed by 02 and 03, which 
are biased by a current source. This source is a current 
mirror, formed by 01 which supplies the current, and 06 
which is diode connected transistor matched to 01. The fixed 
bias for 03, formed by 05 and 06, is 2VSE' A 2VSE bias, less 
the 02 Schottky diode drop, provides the normal Low-power 
Schottky TIL threshold, V1L 
,: 0.7V. R19provides a boost to 


O.BVfor a full 400mV TIL 
noise margin. The differential 


outputs of the emitter coupled stage, A and A, drive emitter 
followers 014 and 015, which provide the required speed 
and matching characteristics. The emitter followers, drive 
phase splitters 04 and 05, which in turn drive totem-pole 
outputs. The outputs at the line interface are of standard 
Low-power Schottky TIL configuration, 
except that circuit 


values are modified to provide high sourcing capability. The 
outputs are designed to source or sink 20mA each, so that 
they can generate a voltage of at least 2.0V across a 100ohm 
load, as required by RS-422. Additional circuitry has been 
included to make the line outputs three-state for two-way 
bus applications. The Am26LS31 meets the RS-422 require- 
ment that the driver not load the line in the powered down 
condition (Ix ,,; 100ILA)or if the power supply to that device 
should fail. 


Am26LS32 
QUAD 
RS-422 
AND 423 RECEIVER 


The Am26LS32 is a quad line receiver which, operating from 
a single 5 volt supply, can be used in either differential or 
single-ended modes to satisfy RS-422and 423 applications 
respectively. A complementary enable and disable feature, 
similar to that on the driver, controls all four receivers, Figure 
7. The device's three-state outputs, which can sink BmA, 
incorporate a fail-safe input-output relationship which keeps 
the outputs high when the inputs are open. 


The Am26LS32 meets the receiver input specification 
of 


Table III, a 200mV threshold sensitivity with common mode 
rejection exceeding the supply line potentials, (greater than 7 
volts). The same design feature of the input circuit which 
provides the common mode rejection also insures excellent 
power supply ripple rejection, which is important 
when 


switching the high currents involved in asystem's interfaces. 
Furthermore, unlike operational amplifiers, where the DC 
common mode and power supply rejection ratios roll off 
with open loop gain, the full rejection capability of this line 
receiver is maintained at high frequencies. The receiver hys- 
teresis oftypically 30mV, provides differential noise immuni- 
ty. Signals received on long lines can have slow transition 
times, and without 
hysteresis, a small amount of noise 


around the switching threshold can cause errors in the re- 
ceiver output. 


TABLE III 


SUMMARY 
OF EIA RS-422 STANDARD FOR A BALANCED DIFFERENTIAL INTERFACE 


A. Line 
Driver 
Open Circuit Voltage (either logic state) 
Differential 
Common Mode 


Ivdol •• 6.0V 


IVemol,;;3.0V 


Differential Output Voltage (across 100 ohm load) 


Either logic state 
IVdl ". max (0.5Vdo,2.0V) 


Output Impedance 
Either logic state 


Mark-Space Level Symmetry (across 100 ohm load) 
Differential 
IVdSI- 
IVdMI ,;; 0.4V 


Common Mode 
IVemsl - 
IVemMI ,;; 0.4V 


Output Short Circuit Current (to ground) 


Either Output 
Iisc I,;; 150mA 


Output Leakage Current (power off) 


Voltage Range 
~0.25V ,;; Vx ,;; +6.0V 


Either Output at Vx 
IlxI ,;; 100ILA 


Rise and Fall Times (across 100 ohm load) 


T = Baud Interval 
(tr, tl) ,;; max (O.H, 20ns) 


Ringing (across 100 ohm load) 
Definitions 
VdSS= Vd (steady state) 
Vss = VdS-VdM (steady state) 


Limits (either logic state) 
Percentage 
Absolute 


IVd-Vdssl,;; 
0.1Vss 
2.0V';; IVdl ,;; 6.0V 


B. Line Receiver 


Signal Voltage Range 
Differential 
Common Mode 


IVdl ,;; 6.0V 


IVeMI,;; 7.0V 


Single-Ended Input Current (power ON or OFF) 


Either Input at Vx 
IVxl= 10V 


Other Input Grounded 
Ilvl ,;; 3.25mA 


Single-Ended Input Bias Voltage (other input grounded) 


Either Input Open Circuit 
IVBI ,;; 3.0V 


Single-Ended Input Impedance (other input grounded) 


Either Input 
RL ". 4000 ohms 


Differential Threshold Sensitivity 
Common Mode Voltage Range 
Either Logic State 


IVeml,;; 7.0V 
IVTI,;; 200mV 


Absolute Maximum Input Voltage 
Differential 
Single-Ended 


Input Balance (threshold shift) 
Common Mode Voltage Range 
IVeml,;; 7.0V 


Differential Threshold (500 ohms in series with each 


input) 
Either Logic State 


IVdl,;; 12V 
IVxl,;; 10V 


Termination (optional) 
Total Load Resistance (differential) 


Multiple Receivers (bus applications) 


Up to 10 receivers allowed. Differential threshold sen- 
sitivity of 200mV must be maintained. 


Hysteresis (optional) 
As required for applications with slow rise/fall time at 
receiver, to control oscillations. 


Fail Safe (optional) 
As required by application to provide asteady MARK or 
SPACE condition 
under open connector 
or driver 


power 
OFF condition. 


C. Intercon.necting 
Cable 


Type 
Twisted Pair Wire or Flat Cable Conductor Pair 


Conductor Size 


Copper Wire (solid or stranded) 
Other (per conductor) 


Capacitance 


Mutual Pair 
Stray 


Pair-ta-Pair Crass Talk (balanced) 
Attenuation at 150KHz 


24 AWG or larger 
R ,;; 30 ohms/lDOOft. 


C ,;; 20pF/ft. 
C ,;; 40pF/ft. 


The balanced 
differential 
line receiver!s 
a three-stage 
circuit. 


The input stage consists 
of a low-impedance 
differential 
cur- 


rent amplifier 
with series resistor 
inputs to convert 
line signal 


voltage 
to current 
and provide 
a moderate 
input impedance. 


The input resistors 
provide 
an impedance 
greater 
than 6K on 


each input, 
power 
on or power 
off, which 
exceeds 
the re- 


quirements 
of RS-422 and RS-423. This is one advantage 
of 


the current 
amplifier 
input circuit. 
Another 
advantage 
is that 


is can operate 
with 
immunity 
to common 
mode 
voltages 


above 
Vcc 
and 
below 
ground. 
The 
differential 
threshold 


sensitivity 
ofthis 
circuit 
is 200mV, as required 
by RS-422. The 


second 
stage is a differential 
voltage 
amplifier, 
which 
inter- 
faces to the single-ended 
output 
stage 
through 
an emitter 


follower. 
The output 
stage is a standard 
Low-power 
Schottky 


TIL 
totem-pole 
output 
with 
three-state 
capability. 


The full 
circuit 
is shown 
in Figure 8. Resistors 
R20 and R21, 
which 
connect 
the non-inverting 
input to Vcc and the invert- 


ing 
input 
to 
ground, 
provide 
the 
fail-safe 
feature, 
which 


guarantees 
a HIGH logic state for the receiver 
output 
when 


there 
is no 
signal 
on 
the 
line. 
The 
differential 
voltage 


amplifier 
in the second 
stage is formed 
by Q6 and Q3 which 


are biased 
by current 
source 
Q9. The hysteresis 
in the 
re- 


ceiver 
switching 
characteristic 
is provided 
by Q4 and Q5, a 


differential 
pair biased 
by current 
source 
Q6, whose 
collec- 


tors are connected 
in positive 
feedback 
to the input 
pull-up 


circuits. 
A small amount 
of current 
is switched 
by Q4 and Q5, 


which 
must 
be overcome 
by the 
different 
voltage 
signal, 


resulting 
in the hysteresis. 
The output 
stage 
is driven 
from 


one side of the differential 
second 
stage by emitter 
follower 


Q17, which 
is a multiple 
emitter 
transistor. 
the second 
emit- 


ter is the control 
point 
for the three-state 
output.Q17 
drives 


the phase splitter 
Q12, which 
in turn 
drives 
the three-state 


totem pole output. 
The remainder 
of the circuit 
is the output 


enable 
control 
logic. 
This three-state 
capability 
on tlie 
re- 


ceiver 
TIL 
side of the interface 
is a useful 
feature 
for mod- 


ularizing 
two-way 
bus design. 


A mask option 
of the input 
resistors 
(R1, R2, R20 and R21) 


modifies 
the receiver 
characteristics 
to improve 
operation 
in high 
common 
mode 
noise 
environments. 
This 
device, 


known 
as the Am26LS33, 
has these 
resistors 
at twice 
the 


value 
of the Am26LS32. 
An input 
differential 
or common 


mode voltage 
range of ± 15 volts 
is achieved 
at the expense 


of 
a minor 
decrease 
of 
input 
threshold 
sensitivity, 
to 
±500mV 
from 
±200mV. 
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APPLICATIONS IN MiXeD RS-232 AND 422/3 
SYSTEMS 


A system 
implemented 
with 
the RS-422 differential 
output 


cannot 
be used 
to 
drive 
an RS-232C 
system 
directly. 
An 


RS-423 
single-ended. 
driver, 
such 
as the 
Am26LS29 
or 


Am26LS30, 
may 
be used provided 
certain 
precautions 
are 


observed. 


1. Although 
the 
RS-423 driver 
output 
specification 
of be- 


tween 
4 to 5V does not meet the RS-232C specification 
of 


6V, operation 
is usually 
satisfactory 
with 
RS-232C receiv- 
ers. This is achieved 
because the short cable lengths 
per- 
mitted 
by RS-232C cause 
very 
little 
signal 
degredation 


and because 
of the low source 
impedance 
of the RS-423 
driver. 


2. RS-232C specifies 
thcit the rise time 
for the signal 
to pass 


through 
the ±3.0V 
transition 
region 
shall 
not exceed 4% 


of the 
signal 
element 
duration. 
RS-423 
requires 
much 


slower 
rise times, 
specified 
from 
10% to 90% of the total 


signal 
amplitude, 
to reduce 
cross talk for operation 
over 


longer 
distances. 
Therefore, 
the 
RS-423 
driver 
in the 


equipment 
must 
be waveshaped. 
This 
is achieved 
by 


selection 
of a capacitor 
value for the Am26LS30 
to simul- 


taneously 
meet the requirements 
of both RS-423 and RS- 


232C for data rates covered 
by RS-232C. 


3. RS-423 
specifies 
one common 
return 
ground 
for 
each 


direction 
of 
transmission, 
RS-232C 
requires 
only 
one 


for 
both 
directions 
of transmission. 
Care must 
be taken 


to 
insure 
that 
a return 
ground 
path 
has been 
created 


when 
interfacing 
between 
the two 
systems. 


4. 
RS-232C does 
not require 
termination, 
while 
it may 
be 


necessary 
for RS-422 and 423. Detailed 
consideration 
of 


termination 
is covered 
in the next section. 


Note that RS-422 and RS-423 specifies 
that receivers 
should 


not be damaged 
by voltages 
up to 12V, while 
RS-232C allows 


drivers 
to produce 
output 
voltages 
up to 25V. The Am26LS32 


receiver 
has been 
designed 
to 
avoid 
this 
hazard 
and 
can 


withstand 
input 
voltages 
of ±25 volts. 


Anytime 
a receiver 
and transmitter 
are connected 
with 
more 


than a few inches 
of a wire, 
problems 
due to reflections 
can 


arise if care is not exercised 
to terminate 
the line correctly. 
RS-422 describes 
the cable as a twisted 
pairof 
approximately 


12011 impedance 
terminated 
in 
a resistor 
RT. 
RT is 
not 


specified 
because 
there 
are two 
extreme 
values 
which 
may 


be chosen 
for the two following 
general 
classes of usage: 
(1) 


single 
direction 
transmission; 
and 
(2) multi-direction 
and 


multiple 
source 
transmission 
(party 
line). 
Considering 
the 


cable 
impedance 
only, 
the 
termination 
should 
equal 
the 


cable 
impedance 
of 12011. However 
this 
reduces 
the termi- 


nated cable resistance 
as seen by the driver to only 6011,with 


resulting 
loading 
of the output 
signal. 
This loading 
causes a 


reduction 
of SIN ratio 
at the 
received 
terminal 
due to the 


decrease 
in signal 
voltage 
swing. 
The solution 
lies in a com- 


promise 
between 
an RT of 12011 which 
provides 
maximum 


power 
transfer 
at a reduced 
SIN ratio 
or RT of 24011 which 


causes 
a mis-match 
of 
2-to-1 
but 
no SIN 
reduction. 
The 


choice 
is left to the 
user 
as it is system 
dependent. 
Both 


schemes 
will work for an average 
line length 
and should 
only 


approach 
the 
margins 
at 
maximum 
line 
length 
and 


maximum 
bit rates. 


Electronic 
Industries 
Association, 
when 
preparing 
EIA Stan- 


dard RS-422 conducted 
their tests with 
24 gauge twisted 
pair 


wire. 
The 
resulting 
length 
vs. data 
rate, is published 
as a 


guideline 
in RS-422 
(Figure 
9). This 
shows 
two 
important 


results: 
(1) Unmodulated 
baseband 
(NRZ) signalling 
is not 


recommended 
at distances 
greaterthan 
4000 feet; (2) At data 
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Figure 9. 
Data Rate Versus Cable Length for Balanced, 
Twisted 
Pair Cable (From 
EIA RS-422l. 


rates above 
about 
100KHz, the 
maximum 
cable 
length 
for 


acceptable 
signal 
quality 
is inversely 
proportional 
to data 


rate. 


Result (1) above is due to the DC resistance 
ofthe 
cable. For a 


4000 foot cable with a DC resistance 
of 30 ohms/1 000 feet, the 


DC series 
loop 
resistance 
is 24011. The minimum 
allowable 


terminated 
differential 
load impedance 
is 9011. The DC vol- 


tage attentuation 
is 90/(90 - 240) = 1/4(6db), 
which 
is arbitrar- 
ily chosen 
as the maximum 
allowable 
limit. 


Result 
(2) is due to line 
losses. 
Laboratory 
tests 
using 
the 


26LS31 Line Driver connected 
to the 26LS32 Line Receiver 
by 


800 feet 
of ordinary 
20 AWG 
twisted 
pair 
(Beldon 
#8205 
plastic-jacketed 
wire). 
terminated 
in its characteristic 
impe- 


dance 
of 10011 were 
evaluated. 
The input 
waveform 
was 
a 


500KHz square wave with 
(10% to 90%) rise and fall times 
of 


less than 
10ns. The output 
waveform 
produced 
rise and fall 
times 
which 
together 
accounted 
for approximately 
one-half 


the period 
(t, + tf = 500ns). 
This was 
due to line 
loss and 
constant 
capacity. 
The 
energy 
per 
cycle 
of 
the 
output 


waveform 
is approximately 
25% lower than that ofthe 
input. 


The input 
rise and fall times 
are not a function 
of line length, 


assuming 
matching 
termination. 
The 
output 
rise 
and 
fall 


times 
are 
dependent 
upon 
length 
in a complex 
manner. 


Furthermore, 
it can be shown 
by observation 
that they build 


up along 
the line. 


Many good 
reference 
sources 
are available 
on the subject 
of 


transmission 
lines 
(References 
1, 2, 3 and 
4). These 
will 


provide 
background 
information 
to the following 
discussion. 


Seshadri 
in Reference 
(1) has analyzed 
a line 
with 
series 


resistance 
losses 
and has shown 
that 
rise time 
varies 
with 


the square ofthe 
length. 
This shows 
series resistance 
to be a 


function 
ofthe 
square 
root of frequency. 
However 
when 
one 


tries 
to 
use this 
result 
in combination 
with 
the 
previous 


result, 
it becomes 
apparent 
just how difficult 
the problem 
is. 
In Reference 
(2). the authors 
point out that skin depth 
implies 


a frequency 
dependent 
series 
inductance 
as well 
as resis- 


tance, 
and that one cannot 
be considered 
without 
the other. 


They go on to show how this leads to the same result; 
namely that rise and fall times vary with the square of dis- 
tance. 


No attempt will be made to explain here why Figure 5 shows 
maximum 
length varying inversely with frequency rather 


than with the square of frequency. Certainly many complex 
factors are involved. Our laboratory observations showed a 
dependence somewhere in between linear and square law. 


The Am26LS31 Quad Line Driver and the Am26LS32 Quad 
Line Receiver are capable of good, clean operation to the 
distance limits and data rate limits of RS-422. 


SYSTEM 
APPLICATIONS 


The Am26LS30, 31, 32 and 33 can be combined in various 


DATA-f>T 
ENABLE31 


signaling 
networks. 
Using 
Am26LS29, 
Am26LS30 
and 


Am26LS32, Figure 10, a unidirectional 
RS-423communica- 


tion can be constructed. Allowing for the voltage variation 
described earlier, RS-232Crequirements can be satisfied. It 
should be noted that the Am26LS29 or Am26LS30 is used 
above to meet the bipolar requirements. If a single-ended 
line, Figure 11, is required without a bipolar requirement, the 
Am26LS31 can be used by biasing the reference terminal of 
the receiver to approximately 1.5 volts. Note that additional 
resistors will enhance fail safe operation. 


Figure 12shows the use of the Am26LS31 and Am26LS32 to 
meet a balanced line, single direction RS-422application. If 
bidirectionality is required, an additional termination should 
be added as shown in Figure 13. 


~,.=y 


ENABLE~,.p 


ENABLE 


b) 
Full Duplex 
Four-Wire 
Data Communication 


RS-422 Interface 
(without 
Data Modeml. 


The 
high 
speed 
capability 
of RS-422 
has attracted 
the 
in- 


terest 
of 
many 
computer 
designers 
for 
use 
in the 
party 


line 
mode 
(Figure 
14). The most 
common 
usage 
is that 
of 


a four 
wire 
full 
duplex 
exchange 
system 
(Figure 
15). This 
mode 
of operation 
involves 
two 
pairs 
of wires 
each 
han- 
dling 
a single 
direction 
of traffic. 
The 
outgoing 
direction 


consists 
of 
one 
driver 
(Am26LS30 
or 
Am26LS31) 
and 
n 


receivers 
(Am26LS32 
or Am26LS33). 
The 
incoming 
direc- 


tion 
consists 
of 
one 
receiver 
(Am26LS32 
or 
Am26LS33) 
and 
n drivers 
(Am26LS30 
or Am26LS31). 
This 
seems 
ex- 
tremely 
simple 
to 
organize. 
However, 
problems 
arise 


when 
system 
ground 
is considered. 
If the 
network 
of re- 


ceiver 
and 
driver 
span 
a moderate 
to 
long 
physical 
dis- 
tance, 
ground 
loop 
noise 
or 
differences 
are 
developed 


changing 
the 
voltage 
that 
appears 
at the 
terminals 
of all 


receivers 
and 
drivers 
except 
for 
the one driver 
that 
is ac- 


tive. 
It remains 
the 
system 
reference 
as long 
as it is ac- 


tive. 
This 
induced 
or system 
developed 
voltage 
is referred 


to as Common 
Mode 
voltage 
(CMV) 
and as such 
must 
be 
considered 
as 
a device 
parameter. 
All 
manufacturers 
specify 
CMV 
capability 
of 
their 
receiver 
in 
compliance 


with 
RS-422 
(approx. 
7 volts 
plus 
signal) 
but 
there 
is no 


specification 
for 
drivers. 
If the 
dimensions 
of the 
system 


are short 
compared 
to 
1/4 wave 
length 
of the 
maximum 


date 
rise 
and 
fall 
times, 
the 
CMV 
can 
be assumed 
to 
be 


minimal 
and 
drivers 
with 
single 
voltage 
supply 
and 
lim- 


ited 
negative 
CMV can be used, 
i.e., Am26LS31. 
If the sys- 


tem 
dimensions 
are 
large, 
the 
CMV 
will 
cause 
problems 


in that 
the 
driver 
will 
clamp 
to 
the 
ground 
the 
moment 


the collective 
or apparent 
voltage 
swings 
below 
minus 
0.5 


volts 
relative 
to the 
driver 
ground, 
causing 
a short 
in the 


line 
and 
increasing 
level 
shift 
and 
noise. 
The clamping 
is 


caused 
in 
part 
by conduction 
of the 
IIC substrate 
diode. 


The 
problem 
can 
be avoided 
by 
using 
a driver 
with 
an 


output 
common 
mode 
range 
(Am26LS30). 
The Am26LS30 


guarantees 
an output 
CMV 
range 
of ± 10 volts 
about 
the 


driver 
ground 
reference. 
New 
international 
standards 
are 


under 
consideration 
to specify 
this 
mode 
of operation. 
In 


conclusion, 
a good 
system 
of 4 wire 
full 
duplex 
for 
data 


communication 
would 
use 
as 
an 
outgoing 
pair 
an 


Am26LS30 
line 
driver 
and 
up to 
12 - 
Am26LS32 
line 
re- 


ceivers, 
with 
a termination 
at the near 
and far ends 
of the 
cable. 
The 
same 
system 
would 
use as an 
incoming 
pair 


an Am26LS32 
line 
receiver 
and up to 32 - 
Am26LS30 
line 


drivers 
with 
only 
one 
enabled 
at a time 
and 
all others 
in 


three-state 
mode 
with 
cable 
termination 
at both 
near 
and 


far ends 
of the cable. 


Many 
other 
applications 
are possible 
using 
this 
family 
of 


devices. 
Although 
the 
designs 
are 
based 
on the 
require- 


ments 
of 
the 
EIA 
data 
communications 
specifications, 


they 
are not limited 
to these 
situations. 
Aircraft 
buses 
and 
internal 
equipment 
interconnections 
will 
benefit 
from 
the 


features 
offered 
by these 
products. 
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Am26S10 •Am26S11 


Distinctive Characteristics 


• 
Input to bus is inverting on Am26S10 


• 
Input to bus is non-inverting on Am26S11 


• 
Quad high-speedopen collector bus transceivers 


• 
Driver outputs can sink 100mA at 0.8V maximum 


FUNCTIONAL 
DESCRIPTION 


The 
Am26S10 
and 
Am26S11 
are 
quad 
Bus Transceivers 


consisting 
of four high-speed 
bus drivers with open-collector 


outputs 
capable 
of sinking 
lOOmA at 0.8 volts and four 


high-speed 
bus receivers. 
Each driver 
output 
is connected 


internally 
to the high-speed bus receiver in addition 
to being 


conrected 
to the package 
pin. The receiver has a Schottky 


TTL 
output 
capable 
of 
driving 
ten 
Schottky 
TTL 
unit 


loads. 


An active 
LOW enable 
gate 
controls 
the 
four 
drivers so 


that 
outputs 
of different 
device drivers can be connected 


together 
for 
party-line 
operation. 
The 
enable 
input 
can 


be conveniently 
driven 
by active 
LOW decoders 
such as 


the 
Am25LS139. 


The 
bus 
output 
high-drive 
capability 
in the 
LOW state 


allows 
party-line 
operation 
with 
a line impedance 
as low 


as lOOn. 
The line can be terminated 
at both ends, and still 


give considerable 
noise margin at the receiver. 
The receiver 


typical switching 
point is 2.0 volts. 


The 
Am26S10 
and Am26S11 
feature 
advanced 
Schottky 


processing 
to 
minimize 
propagation 
delay. 
The 
device 


package also has two ground pins to improve ground current 
handling 
and 
allow 
close 
decoupling 
between 
Vcc 
and 


ground 
at the 
package. 
Both GND1 and GND2 should 
be 


tied to the ground 
bus external 
to the device package. 


Am26S10 
Am26S11 


Package 
Temperature 
Order 
Order 
Type 
Range 
Number 
Number 


Molded DIP 
O°C to +70°C 
AM26S10PC 
AM26S11PC 


Hermetic DIP 
O°C to +70oC 
AM26S10DC 
AM26S11DC 


Dice 
O°C to +70°C 
AM26S10XC 
AM26S11XC 


Hermetic DIP 
_55°C to +125°C 
AM26S10DM 
AM26S11DM 


Hermetic 
Flat 
Pack 
_55°C to +125°C 
AM26S10FM 
AM26S11FM 


Dice 
_55°C to +125°C 
AM26S10XM 
AM26S11XM 


CONNECTION DIAGRAMS 
Top Views 


• 
Bus compatible with Am2905, Am2906, Am2907 


• 
Advanced Schottky processing 


• 
PNP inputs to reduce input loading 


• 
100% reliability assurancetesting in compliance with 
MIL -ST 0-883 


Zo 


Am26S10 
21 


TAA~~;e~VEA 
Z 2 
Z3 


Zo 


Am26$l1 
21 


TRA~~;~VER 
22 
Z3 


Vcc 
= Pin 
16 


GND1 
= Pin 
1 


GND2 
= Pin 8 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 


DC Voltage Applied to Outputs 
for High Output 
State 


DC Input Voltage 


Output 
Current, 
Into Bus 


Output 
Current, 
Into Outputs 
(Except 
Bus) 


DC rnput Current 


_65°C 
to +150°C 


_55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V 
to +Vcc max. 


-O.5V 
to +5.5V 


200mA 


30mA 


-30mA 
to +5.0mA 


T A "" 0° C to +70° C 
TA = -5SoC 
to +12SoC 


Vcc 
= 5.0V 
±5% 
(COM'L) 
VCC=5.0V±10% 
(MiLl 


Output 
HIGH Voltage 
VCC = MIN., 
10H = -1.0mA 
MIL 
2.5 
3.4 
VOH 
Volts 


(Receiver 
Outputs) 
VIN 
= VIL 
or VIH 
COM'L 
2.7 
3.4 


VOL 
Output 
LOW Voltage 
VCC = MIN., 
10L = 20mA 
0.5 
Volts 


(Receiver 
Outputs) 
VIN 
= VIL 
or VIH 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 


(Except 
Bus) 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
0.8 
Volts 


(Except 
Bus) 
for all inputs 


VI 
Input 
Clamp Voltage 
VCC = MIN., 
IIN = -18mA 
-1.2 
Volts 
(Except 
Bus) 


Input 
LOW 
Current 
Enable 
-0.36 
IlL 
VCC =.MAX., 
VIN 
= O.4V 
mA 
(Except 
Bus) 
Data 
-0.54 


IIH 
Input HIGH 
Current 
VCC = MAX., 
VIN 
= 2.7V 
Enable 
20 


JJ.A 
(Except 
Bus) 
Data 
30 


II 
Input HIGH 
Current 
VCC = MAX., 
VIN 
= 5.5V 
100 
JJ.A 
(Except 
Bus) 


Output Short Circuit Current 
MIL 
-20 
-55 


ISC 
(Except 
Bus) 
VCC = MAX. 
(Note 
3) 
mA 


COM'L 
-18 
-60 


Power Supply 
Current 
VCC = MAX. 
Am26S10 
45 
70 
JCCL 
mA 
(All Bus Outputs 
LOW) 
Enable = GND 
Am26S11 
80 


Typ. 


(Note 
2) 


10L = 40mA 
0.33 
0.5 


MIL 
10L = 70mA 
0.42 
0.7 


10L = 100mA 
0,51 
0.8 


VOL 
Output 
LOW Voltage 
VCC = MIN. 
Volts 


10L = 40mA 
0.33 
0.5 


COM'L 
10L = 70mA 
0.42 
0.7 


10L = 100mA 
0.51 
0.8 


Vo 
=0.8V 
-50 


10 
Bus 
Leakage 
Current 
VCC = MAX. 
MIL 
Vo 
=4.5V 
200 
JJ.A 


COM'L 
Vo 
= 4.5V 
100 


JOFF 
Bus Leakage Current 
(Power Off) 
Vo 
=4.5V 
100 
JJ.A 


Bus Enable = 2.4V 
MIL 
2.4 
2.0 


VTH 
Receiver 
Input 
HIGH 
Threshold 
VCC = MAX 
Volts 


COM'L 
2.25 
2.0 


VTL 
Receiver 
Input 
LOW 
Threshold 
Bus Enable = 2.4V 
MIL 
2.0 
1.6. 


VCC = MIN 
Volts 


COM'L 
2.0 
1,75 


Notes: 
1. 
For 
conditions 
shown 
as MI N. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
-TYDicallimits 
are at VCC 
= S.OV, 
25°C 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
should 
not 
exceed 
one second. 


Am26S10· 
Am26S11 


Switching Characteristics 
(TA = +25°C, VCC = 5.0Vl 


Parameters 
Description 


tpLH 
10 
15 
Am26S10 


tpHL 
10 
15 
Data 
Input 
to Bus 
ns 
tpLH 
12 
19 
Am26S11 


tpHL 
RS ~ 50n 
12 
19 


tPLH 
Cs = 50pF (Note 1) 
14 
18 
Am26S10 


tpHL 
13 
18 
Enable Input to Bus 
ns 
tPLH 
15 
20 
Am26S11 


tpHL 
14 
20 


tpLH 
RS ~ 50n, 
RL = 280n 
10 
15 
Bus to Receiver 
Out 
ns 
tpHL 
Cs = 50pF INote 1), CL ~ 15pF 
10 
15 


tr 
Sus 
RS ~ 50n 
4.0 
10 
ns 


tf 
Sus 
Cs = 50pF INote 1) 
2.0 
4.0 
ns 


E 
I 
B 
Z 


L 
L 
H 
L 


L 
H 
L 
H 


H 
X 
y 
Y 


E 
I 
B 
Z 


L 
L 
L 
H 


L 
H 
H 
L 


H 
X 
Y 
Y 


H = HIGH 
Voltage 
Level 


L = 
LOW 
Voltage 
Level 


X = Don't 
Care 


Y = Voltage 
Level 
of 
Bus 
(Assumes 
Control 
by 


Another 
Bus Transceiver) 


Vcc 
=Pin16 


GNDl 
= Pin 1 


GND2 
'"'"Pin 8 


Connect 
for 
Ar;r26S1 
0 


RemoveR,.O"D, 
for Am26S10 


lIC·374 


Typical Bus Output Low Voltage 


Versus Ambient Temperature 


o 
-55 
-35 -15 
5 
25 
45 
65 
85 
105 125 


T A - 
AMBIENT 
TEMPERATURE 
-"C 


INPUTS 
INPUTS 


'0 
" 
" 
" 


'0 
I, 


" 
" 
'0 
'0 
" 


RECEIVER 
" 


RECEIVER 


Am26S10 
" 


OUTPUTS 
Am26S10 
" 


OUTPUTS 


" 
" 


'5V 
·0 ., ., ., 
·0 ., ., ., 


Receiver Threshold Variation 
Versus Ambient Temperature 


Am26S10 
Am26S11 


Vcc 


GNDl 
1 
,. 


'5 ., 
GNOl 
, 
'5 ., 


·0 , 


·0 , 


'0 , 
14 " 


14 " 
'0 , 


'0 
4 
13 


" 
13 " 


IQ 
4 


" 


5 
12 
E 
" 


12 
! 
5 


11 


" 
" 


" • 
" • 


'0 " 
10 " 
., 
7 
., 
7 


GND2 
• 
., 
., 
GND2 
• 


DIE SIZE 0.059" 
X 0.075" 
DI E SIZE 0.059" 
X 0.075" 


4-60 


I 
I 
I 
I 


vcc'" 
5.5V 


II 
vec '"S.25V 


_MIL<- ..,.!~ 


~C=4.75\i::::: 
COM'L 


" 
vec - 4.5V 


CLI 


15PF 
(Note I) 


Am26S11 ==i 
T 
F 


30V 


IINPUT 
--1.5V 


=={ 


OV 
t~:: 
Am26S10 
I 


I INPUT 


OV 


I 
'\ 


3.0V 


E INPUT 
1.5V 


r- ~ 
I;'PLH 
J 
I='PHL 


OV 


tPlH-~ f 


tPHL~ 


VOH 


B TEST 
POINT 
\ 
l- 
'\ 


2.0V 


'PHL~ 
r- 
J 
I;'PLH 


VOL 


\ 
I 


VOH 


Z TEST POINT 
\ 
l- 
1.5V 


VOL 


UC-379 


Am26S12·Am26S12A 


Distinctive 
Characteristics 
• 
Quad high-speed 
bus transceivers 


• 
Driver outputs 
can sink 100mA 
at 0.7 V typically 


• 
100% reliability 
assurance 
testing 
in compliance 
with 


M I L-ST 0-883 
• 
Choice of receiver hysteresis 
characteristics 


The Am26S12 
• Am26S12A are high·speed quad Bus Transceivers con- 


sisting 
of 
four 
high-speed 
bus drivers 
with 
open·collector 
outputs 


capable of sinking lOOmA at 0.7 volts and four high·speed bus receivers. 
Each driver output 
is brought 
out and also connected 
internally to the 


high-speed 
bus receiver. 
The 
receiver 
has an input 
hysteresis charac- 


teristic 
and a TTL output 
capable of driving 
ten TTL 
Loads. 


An active LOW, two-input 
AND gate controls the four drivers so that 
outputs 
of different 
device drivers can be connected together for party- 


line oper~tion. 
The enable inputs can be conveniently driven by active 
LOW decoders 
such as the Am54S/74S139. 


The 
high.<frive capability 
in the 
LOW state allows 
party~line 
operation 


with 
a line irppedance 
as low 
JS 100n.. 
The line can be terminated 
at 


both 
ends, and still 
give con .•iderable 
noise margin at the receiver. 
The 


Package 
Type 


Molded 
DIP 
Hermetic 
0 IP 
Dice 
Hermetic 
DIP 
Flat 
Pak 
Dice 


Temperature 


Range 


O°C to +75"C 
O°C to +75°C 
O°C to +75°C 


-55°C 
to +125°C 


_55°C 
to +125°C 
-55°C 
to +125" C 


Am26S12 


Order 
Number 


AM26S12PC 
AM26S12DC 
AM26S12XC 
AM26S12DM 
AM26S12FM 
AM26S12XM 


hysteresis characteristic 
of the Ain26S12 receiver is chosen so that the 


receiver output 
switches 
to a HIGH 
logic level when 
the receiver input 
is at a HIGH 
logic level and moves to 
1.4 volts 
typically, 
and switches 


to a LOW 
logic level when 
the receiver 
input 
is at a LOW logic level and 


moves to 2.0 volts typically. 
This hysteresis characteristic 
makes the 


receiver very insensitive 
to noise on the bus. 


The 
Am26S12A 
is functionally 
identical 
to 
the 
Am26S12 
but 
has a 


different 
hysteresis characteristic 
so that the output 
switches with the 


input 
being 
typically 
at 
1.2 volts 
or 2.25 
volts. 
In both 
devices 


the threshold 
margin, the difference 
between 
the switching points, is 


greater than 0.4 volts. 


Am26S12A 


Order 
Number 


AM26S12APC 
AM26S12ADC 
AM26S12AXC 
AM26S12ADM 
AM26S12AFM 
AM26S12AXM 


Zo 
3 


Am26S12. 
Am26S12A Zl 
6 


TAA~~~VEA 
Z2 
10 
Z3 
13 


CONNECTION 
DIAGRAM 


Top View 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
(Pin 16·to Pin 8) Continuous 


DC Voltage Applied to Outputs 
for High Output 
State 


DC Input Voltage 


Output 
Current, 
Into Outputs 
(BUS) 


Output 
Current, 
Into Outputs 
(Receiver) 


DC Input Current 


_65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V 
to +VCC max. 


-O.5V 
to +5.5V 


200mA 


30mA 


-30mA 
to +5.0mA 


T A = aOc to +7SoC 


T A = -5SoC 
to +12SoC 
v CC = 5.QV 
±5% 
(COM 
Range) 


VCC 
= 5.0V 
±10% 
(MIL 
Range) 
Note 
1 


ICC 
Power Supply 
Current 
VCC ~MAX. 
46 
70 
mA 


IBUS 
Bus 
Leakage 
Current 
VCC 
~ MAX. 
or OV; 
100 
IJ.A 


VB US ~ 4.0V; 
Driver 
in OFF State 


COM'L 
10L ~ 100mA 
0.7 
0.8 
Volts 


VOL 
Output 
LOW Voltage 
VCC ~ MIN. 


10L = 60mA 
0.55 
OJ 


(Not. 
1) 
VIN 
= VIH 
or VIL 
MIL 
Volts 


10L = 100mA 
0.7 
0.85 


VIH 
Input 
HIGH 
Voltage 
2.0 
Volts 


VIL 
Input 
LOW Voltage 
0.8 
Volts 


VI 
Input Clamp Voltage 
VCC ~ MIN., 
IIN ~ -18mA 
-1.2 
Volts 


II 
Input Current 
VCC = MAX., 
VI ~ 5.5V 
1.0 
mA 
at Maximum 
Input Voltage 


IIH 
Unit Load 
VCC = MAX., 
VI = 2.4V 
40 
Input 
HIGH 
Current 
1.0 
IJ.A 


IlL 
Unit 
Load 


VCC = MAX., 
VI = O.4V 
-1.6 
Input 
LOW Current 
-0.4 
mA 


VOH 
Output 
HIGH 
Voltage 
VCC ~ MIN., 
10H ~ -8001J.A 
2.4 
Volts 
VIN 
= VI L (Receiver) 


VOL 
Output 
LOW Voltage 
VCC = MIN., 
10L = 20mA 
0.4 
0.5 
Volts 
VIN 
~ VI L (Receiver) 


Am26S12 
1.8 
2.0 
2.2 


VIH 
Input 
HIGH 
Level Threshold 
E~H 
Volts 


Am26S12A 
2.05 
2.25 
2.45 


Am26S12 
1.2 
1.4 
1.6 


VIL 
Input 
LOW Level Threshold 
E~H 
Volts 


Am26S12A 
1.0 
1.2 
1.4 


VTM 
Input Threshold 
Margin 
E~H 
0.4 
Volts 


10S 
Output 
Short Circuit 
Current 
VCC ~ MAX., 
VOUT 
~ O.OV 
-20 
-55 
mA 


Notes: 
1. For 
the 
Am26S1 
2FM. 
Am26S12AFM 
the 
output 
current 
must 
be limited 
at 60mA 
or the 
maximum 
case temperature 
limited 
to 
1250 C for 
correct 


operation. 
2. Tvpicallimits 
are at VCC 
= 5.QV, 
2SoC 
ambient 
and 
maximum 
loading. 


tpLH 
Turn Off 
Delay 
Input 
to Bus 
CLB = 15pF, 
RLB ~ lOOn 
7 
11 
ns 


tpHL 
Turn On Delay 
Input to Bus 
CLB = 300pF, 
RLB = 50n 
14 
21 
ns 


tpLH 
Turn 
Off 
Delay Enable to Bus 
CLB ~ 15pF, 
RLB = 50n 
10 
15 
ns 


tpHL 
Turn On Delay 
Enable to Bus 
CLB = 15pF, 
RLB = 50n 
10 
15 
ns 


tpLH 
Turn 
Off Delay Bus to Output 
CL = 15pF 
18 
26 
ns 


tPHL 
Turn On Delay Bus to Output 
CL ~ 15pF 
18 
26 
ns 


Frequency 5MHz 
tr = tf = 2 ns Measured Between 
1 V to 2 V Levels. 
,~~=1\ 


3V 


1.5V 


~tPLHI 
OV 


i'PHL 
.-\ 
F-'5V 


, 0------<> 


'5V 
'T 
'=i 
j 


3V 


1.5V 


~ 


OV 


i;='PLH 
i'PHL 
L1C-383 
Y 
\='5V 


TRUTH 
TABLE 


Am26S12!26S12A 


Inputs 
Outputs 


E 
I 
B 
Z 


L 
L 
H 
L 


L 
H 
L 
H 


H 
X 
y 
Y 


Interfacing 
Digital 
Family 


Equivalent 
Input 
Unit 
Load 
HIGH 
LOW 


H ~ HIGH 
Voltage 
Level 


L = LOW Voltage 
Level 


X ~ Don't 
Care 


Y = Voltage 
Level of Bus 


Advanced Micro Devices 9300/2500 
Series 


FSC Series 9300 


TI Series 5417400 


Signetics Series 8200 


National 
Series DM 75/85 


DT L Series 930 


Am26S12 
Typical 
Receiver 
Input 
Characteristic 
Am26S12A 
Typical 


Receiver 
Input 
Characteristic 


3.6 
~ 
':; 
3.2 
0> 
2.8 
I 
w 
'" 
2.4 
«':; 
2.0 
0> 
1.6 
I-~ 
1.2 
I- 
::> 
0.8 
0, 
0 
0.4 
> 


V'L 
V'H 


~ 
':; 


§? 
2.8 


.1. 
C) 
2.4 


~ 
o> 
>- 
~5 
0.8 


Io 
0.4 
> 


o 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 


VIN-INPUT 
VOLTAGE-VOLTS 


'0 
" 
Am26S12/26S12A 
22 
'3 


'0 
" 
Am26S12/26S12A 
Z2 
'3 


'0 
" 
Am26S12126S12A 
22 


'3 


'0 2 
14'3 


'03 
1323 


61 
4 
1282 


'" 


1112 
',6 
1022 


'0 
" 
Am26S12/26S12A 
22 
'3 


Am2614 


• 
Short-circuit 
protected 
outputs 


• 
Capable of driving 50n terminated 
transmission 
lines 


• 
100% reliability 
assurance testing 
in compliance 
with 


M I L-STD-883 


• 
Quad 
single-ended 
driver 
for 
multi-channel 
common 


ground 
operation 


• 
Single 5V power supply 


• 
DTL, 
TTL 
compatible 


The Am2614 
is a DTL, 
TTL 
compatible 
line driver 
operating 


off 
a single SV supply. 
The Am2614 
is a quad inverting 
driver 


with 
two 
separate 
inputs 
and one common-strobe 
input 
for 


each pair of drivers. 
The device has active pull-up 
outputs 
for 


high-speed and HIGH 
capacitance 
drive. 
The Am2614 
is ideal 


for 
single-ended 
transmission 
line 
driving, 
or as a high-speed, 


high-fan-out 
driver 
for 
semiconductor 
memory 
decoding, 
buf- 


fering, 
clock 
driving 
and general logic use. 


The 
Am2614 
has short" circuit 
protected 
active 
pull-ups, 
and 


incorporates 
input 
clamp 
diodes 
to reduce the effect 
of line 


transients, 
and also is capable of driving son terminated 
trans- 


mission lines. 


Package 
Type 


Hermetic 
DIP 


Flat Pak 
Dice 
Hermetic 
DIP 


Molded 
DIP 


Dice 


Temperature 
Range 


-SSoC to +12SoC 
-SSoC to +12SoC 
-SSoC to +12SoC 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


Order 
Number 


AM2614DM 
AM2614FM 
AM2614XM 
AM2614DC 
AM2614PC 
AM2614XC 


CONNECTION 
DIAGRAM 


Top View 


STROBE 
A 
Vee 


INPUT A, 
STROBE e 


INPUT Al 
INPUT 
8, 


OUTPUT A, 
INPUT B, 


INPUT 
A2 
OUTPUT 8, 


INPUT 
A2 
INPUT 
82 


OUTPUT 
A2 
INPUT 
82 


GNO 
OUTPUT 
82 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 
Temperature 
(Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage 
Output Current, Into Outputs 
DC Input Current 


-65°C 
to + 150°C 


-55°C 
to + 125°C 


-0.5 
Vto +7V 


-0.5 
V to +Vcc 
max 


-0.5 
V to +5.5 V 
mA 
Note 1 


ELECTRICAL 
CHARACTERISTICS 


The following 
conditions 
apply 
uniess otherwise 
noted: 


Am2614XM 
IMI~) 
TA = -55'C 
to +125'C 
VCCMIN. 
= 4.50V 


Am2614XC 
(COlVl'U 
TA 
= aOc 
to +70°C 
VCCMIN. 
= 4.75V 


TAMIN. 
Min. 
Max. 


LIMITS 
+25°C 
Min. 
Typ. 
Max. 
TAMAX. 


Min. 
Max, 
Units 


VOH 
Output 
HIGH 
Voltage 
Vcc 
= MIN,. 
2,4 
2,4 
3.2 
2,4 
Volts 


IOH = -10mA 


VCC = MIN" 
MIL 
0.4 
0.2 
0,4 
0,4 


VOL 
Output 
LOW Voltage 
Volts 


IOL =40mA 
COM'L 
0,45 
0.2 
0,45 
0,45 


MIL 
2.0 
1.7 
1.5 
1,4 


VIH 
Input 
HIGH 
Voltage 
VCC = MIN. 
Volts 


COM'L 
1.9 
1.8 
1.5 
1.6 


MIL 
0.8 
1.3 
0.9 
0.8 
VIL 
Input 
LOW Voltage 
VCC = MAX. 
Volts 


COM'L 
0.85 
1.3 
0.85 
0.85 


IF 
Input Load Current 
VCC = MAX. 
VF = O,4V, MIL 


-2.4 
-1.65 
-2.4 
-2,4 
mA 
VF = 0,45V, 
COM'L 


IR 
Reverse Input Current 
VCC = MAX. 
90 
90 
90 
).LA 


VR =4.5V 


ISC 
Short Circuit 
Current 
VCC = MAX., 
--40 
-90 
-120 
mA 
Vo 
= OV 


VCC = MAX., 
48.7 
33 
48.7 
48.7 
Inputs = OV 
IpD 
Power 
Supply 
Current 
COM'L 
46 
70 
VCC = 7.0V, 
Inputs = OV 
MIL 
46 
65.7 


I VCEX = 5.5V, MIL 
100 
10 
100 
200 


'CEX 
Reverse Output Current 
VCC = MAX. 
).LA 


I VCEX =5.25V,COM'L 
100 
10 
100 
200 


VOLC 
Output 
Low Clamp Voltage 
VCC = MAX., 
IOLC = --40mA 
-0.8 
-1.5 
Volts 


VIC 
Input Clamp Voltage 
VCC = MIN., 
-1.0 
-1.5 
Volts 
IIC = -12mA 


VCC = 5,OV, cL 
= 30pF, 
VM = 1.5V, Refer to Fig. 92 


Notes: 
1. 
Maximum 
current 
defined 
by 
DC 
input 
voltage. 


2. 
For 
conditions 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type 
or 


grade. 


Output Low Current Versus 
Output High Current Versus 
Logic Levels Versus 


Output Low Voltage 
Output High Voltage 
Ambient 
Temperature 


100 
Tr 
25'CI 
h:;"'--- 


0 
I 
I 
I 
'" 


3.5 
TA - 2SoC 
... 
-- 
VOH@IOH'" 
-10 
mA 
« 
« 
~ 


I 
~ 
E 
I 
I 
0 
3.0 
E 
> 
VOHinto50~ 
I 
80 
g 


I 
-20 


VCC-45V 
I I I 


I 
...... 
... 
VCC=5.5V_ 
... 
w 
25 
~ 
Vcc'" 
5.0V_ 
.4 
~ 


--VCC=5.0V,] 
I 
" 
I 
« 
~ 
60 
T 


-40 
--VCC=5.5V 
..... 
~ 
2.0 
::> 
::> 
0 
u 
~ 


u 
> 
Vcc" s.ov 
... 
VCC=4.5V 
... 
1'1 
... 
1.5 
;;: 
40 
;;: 
-60 
;;: 
I 


... 
II 
... 
I III 
>- 
::> 
::> 
::> 
1.0 
0 
J 
0 
I 
0 


VOL@IOL 
=40m~--- 


I 
20 
1/ 


I 
-80 
I 
~ 
:I: 
../ .././ 
>- 
051-- 
_0 
.9 
::> 
~ 
-100 =- 


0 
I 
0 
> 
0 
0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0 
1.0 
2.0 
3.0 
4.0 
-60 
-20 
0 
20 
60 
100 
140 
VOL 
- 
OUTPUT 
VOLTAGE 
- 
VOLTS 
VOH - 
OUTPUT 
VOLTAGE 
- 
VOLTS 
T A - 
AMBIENT 
TEMPERATURE 
_ °c 


Supply Current Versus 
Supply Current Versus 
Supply Current Versus 


Supply Voltage 
Temperature 
Operating 
Frequency 


60 
NO LOAD 
40 
100 


V~C=15.0'V 
I 
Vcc" 
SOy 
I II 
« 
T A'"' 25°C 
/. 
« 
« 
CL 
= 30 pF 
I 
I 
E 
50 
E 
OUTPUTS 
OPEN 
E 
I 
I 
35 
I 
80 
TA 
~ 25 ~ 


I 
! 
>- 


~ 


>- 
... 


~ 
40 
~ 
~ 
601-- 
t 1+· 
,l.y 
.• 
0':> 
"" 
.• 


::> 
0~ 
crt.<; 
::> 
Am2614 
~ 
I 
' 
u 
30 
u 
30 
a 
~ 


~"" 
A.,,'" 


~ 
~ 


40 t- 
j 
i 
J~W 
it 
~.:::J ~v 
~ 
20 
~<1' 
~ 
t 


.....,., 


25 
~ 
rr;JJ 


I 
II 
I 
I 
U 
10 
II 
u 
13 
20 


, 
1 tl 


.!? 
.!? 


". 
t- 


o 
20 
0 


0 
2 
4 
6 
8 
10 
-60 
-20 
0 
20 
60 
100 
140 
01 
02 
0.5 
10 
2.C 
50 
10 
Vcc - SUPPLY 
VOLTAGE 
- 
VOLTS 
TA - 
AMBIENT 
TEMPERATURE 
_ °c 
f - 
FREQUENCY 
- 
MHz 


Propagation 
Delay Time 
Transfer Characteristics 
Transfer 
Characteristics 
Versus Temperature 
Versus Temperature 
Versus Supply Voltage 


40 
v~c= S.ov 
'" 
5 
'" 
5 
TA=25 
C 
I 
VCc' 
55 
V~ 
VCC - 5.0 V I 
>- 
c 
~ 
~ 


I 
0 
0 


'" 
CL 
:a 30pF 
> 
4f-----+ 
r-+ 
> 
4 
I VCC=5.0V- 
w 
I 
I 
" 
30 
;:: 
w 
:0 
" 
« 
Vcc" 
4.5 V 
>- 
« 
3 
~ 
3 
~ 
~ 
0 
__ TA"'t25C 
0 
I 
" 
20 
> 
......----;A·25 
C 
;> 
z 
'PLH,,£ I- 


>- 
>- 
; 


0 
~ 
2 
T A" 
55 C 
~ 


2 


I 
;:: 
••••r-...tpHL 
1--- .••.•. 
'...------ 
i 
« 
:J 
::> 


I 
" 
10 
:::o.c: 
0 
0 
"I 
;:: 
I 
1 
, 
1 
- 
>- 
I 
~ 
... 


::> 
:J 
0 


I 
" 
0 
> 
;> 
0 
0 
-60 
-20 
0 
20 
60 
100 
140 
0 
05 
1.0 
1.5 
20 
25 
3.0 
35 
0 
05 
1.0 
15 
20 
2.5 
30 
35 


T A - 
AMBIENT 
TEMPERATURE 
- °c 
V,N 
- 
INPUT 
VOL TAGE 
- 
VOL T$ 
V1N - 
INPUT 
VOL TAGE 
- 
VOL TS 


SINGLE 
ENDED 
LINES. The Am2614 
quad 
line driver and 


the JlIm2615 dual differential 
amplifier 
allow data to be trans- 
mitted 
with only a single data wire per channel and a common 


ground 
for typically 
8 data wires. This single-ended 
mode of 


interconnection 
offers 
considerable 
savings in integrated 
cir· 
cuit 
packages 
required 
and effectively 
halves the 
number 
of 
interconnections 
as compared 
to a balanced 
differential 
system. 


The method 
still gives ±15V common 
mode rejection 
and DC 


noise margin of interconnected 
TTL logic. The common 
ground 


wire should 
be twisted 
in with 
the 
data 
wires so that 
any 
injected 
noise 
is common 
to all wires. 
If a multiwire 
cable 
with screen 
is used one of the 
wires is used as the common 


ground 
line, and the screen 
is tied to ground 
at the 
driving 


end only. 


MATCHING. 
Transmission 
lines can be matched 
in a number 


of ways. 
The 
most widely 
used method 
is to terminate 
the 


line at the 
receiving 
end in its characteristic 
impedance. 
This 
impedance 
is connected 
across 
the 
input 
terminals 
of the 


receiver. 
A 130n 
resistor 
is included 
at the 
+ input 
of each 


receiver 
for 
matching 
twisted 
pairs and 
this 
resistor, 
or if 


the characteristic 
impedance 
is not 130n, 
a discrete resistor is 
connected 
between 
the 
two 
receiver 
inputs. 
This method 
of 


matching 
causes a DC component 
in the signal. Power is dis- 
sipated 
in the 
resistor 
and the signal is attenuated. 
The 
DC 
component 
can be effectively 
removed 
by connecting 
a large 
capacitor 
in series with the terminating 
resistor. 


The 
transmission 
line 
can 
also 
be terminated 
through 
the 


receiver 
power 
supply 
by placing equal 
value resistors 
from 
the 
+ input 
of the 
receiver to VCC and from the - 
input 
to 


ground. 
This 
method 
again 
has the 
disadvantage 
that 
a DC 
signal 
component 
exists, 
attenuation 
occurs, 
and 
power 
is 


dissipated 
in the terminating 
resistors 
but it does allow multi- 
plexed operation 
in the balanced 
differential 
mode. 


An alternate 
method 
of matching 
at the 
receiver 
is to back 


match at the driver. A resistor 
is placed in series with the line 
so that 
the 
signal from 
the 
driver 
which 
is reflected 
at the 


high input 
impedance 
of the receiver is absorbed 
at the driver. 


This method 
does not have a DC component 
and therefore 
no 


attenuation 
occurs and power is not dissipated 
in the resistor. 


For balanced 
differential 
driving a resistor 
is required 
in series 


with 
each 
line. 
The 
table 
below 
shows 
the 
value 
of each 


matching 
resistor 
required 
for lines of different 
characteristic 


impedance. 


TYPICAL 
DC CHARACTERISTICS 
FOR MATCHING TO TRANSMISSION LINE 


200 


<t 
160 
E 


t 
120 
.. 
~ 
80 


'" 
40 
:>u.. 
~ 
-40 
..6 
-80 


~ 
-120 


.9 -160 


-200 


-4 
-2 
0 
2 
4 
6 
8 
10 


Your 
- 
OUTPUT 
VOLTAGE 
- 
VOLTS 


RM (ohmsl 


Zo 
SINGLE ENDED 


50 
24 
75 
51 
92 
68 


100 
75 


130 
110 
300 
280 
600 
580 


Fanout 
Input 
Output 
Output 
Input/Output 
Pin No.'s 
Unit Load 
HIGH 
LOW 


Strobe A 
1 
3 


Input A, 
2 
1.5 


Input A, 
3 
1.5 


Output A, 
4 
166 
25 


Input A, 
5 
1.5 


Input A, 
6 
1.5 


Output A, 
7 
166 
25 


GND 
8 


Output B, 
9 
166 
25 


Input B, 
10 
1.5 


Input B, 
11 
1.5 


Output B, 
12 
166 
25 


Input B, 
13 
1.5 


Input 
B, 
14 
1.5 


Strobe B 
15 
3 


Vcc 
16 


4-70 


Single-Ended 
Back-Matched 
Operation 
With Common 
Ground 


INPUT 
PULSE 


Frequency = 500 kHz 
Amplitude = 3.0 ±O.1 V 
Pulse Width = 110 ±10 ns 


tr::::ll 
tf:5: 
5.0 ns 


Am 2615/9615 


• 
Dual differential 
receiver 
(Am9615) 
pin-for-pin 


equivalent 
to the Fairchild 
9615 


• 
Dual differential 
receiver 
for single-ended 
data 


(Am2615) 


• 
Single 
5-volt 
supply 


• 
High common-mode 
voltage 
range (±15 
volts) 


FUNCTIONAL 
DESCRIPTION 


The Am2615 and Am9615 are dual differential 
line receivers 


designed to receive digital 
data from transmission 
lines and 


operate over the military 
and industrial 
temperature 
ranges 


using a single 5 volt supply. The Am2615 can receive 3 volt 
single ended and the Am9615 ±500 mV differential 
data in 


the presence of high level (± 15 V) common mode voltages 
and 
deliver 
undisturbed 
logic 
levels to the 
following 
DTL 


or TTL circuitry. 
The response time 
of each receiver 
and 


thereby 
immunity to AC noise can be controlled 
by an ex- 


ternal 
capacitor. 
A strobe is provided for each receiver to- 
gether with a 130n input terminating resistor. Each output has 
an uncommitted collector with an active pUll-up network avail- 
able on an adjacent pin. 
The Am2615 is identical 
to the Am9615 except 
for the 


input 
offset 
(threshold) 
voltage. 
The Am2615 has an input 


threshold 
of ~1.5 V compatible 
with DTL & TTL logic. The 


Am9615 has an input threshold 
of -0 
V. The Am2615 can 


directly 
replace the Am9615 and give fail safe protection 
in 


differential 
systems where the input difference 
is >2.0 V. 


• Frequency 
response 
control, 
strobe, 
and internal 
ter- 


minating 
resistor 


• 
Am2615 has fail safe capability 


• Choice 
of uncommitted 
collector 
or active 
pull-up 


outputs 


• 
100% reliability 
assurance 
testing 
in compliance 
with 


MIL-STD-883 


Package 


Type 


Hermetic 
DIP 
Flat Pak 


Dice 


Hermetic 
DIP 


Molded 
DIP 


Dice 


Hermetic 
DIP 


Flat Pak 
DIce 
Hermetic 
0 t P 


Molded 
DIP 
Dice 


Temperature 
Range 


-5SoC 
to +12S 


QC 


-5SoC 
to +12SoC 


-5SoC 
to +12SoC 
aOc to +7S 


QC 
aOc to +7SoC 
aOc to +75°C 


-SSoC 
to +12SoC 


-5SoC 
to +12SoC 


-SS"C 
to +12S"C 


aOc to +7SoC 
aOc to +7SoC 
aOc to +7SoC 


AM261SDM 
AM261SFM 
AM261SXM 
AM261SDC 
AM261SPC 
AM261SXC 


961SDM 
961SFM 
AM961SXM 
961SDC 
961SPC 
AM961SXC 


Am2615/9615 


MAXIMUM RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 
Temperature 
(Ambient) Under Bias 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for HIGH Output State 
DC Strobe Input Voltage 
DC Data Input Voltage 
Output Current, Into Outputs 
DC Input Current 


-65°C 
to + 150°C 


-55°C 
to + 125°C 


-0.5 
Vto +7 V 


-0.5 
V to +13.2 
V 


-0.5 
V to +5.5 V 


-20Vto+20V 
30 mA 


maximum current is defined by DC Input Voltage 


T A"" 
_55°C 
to +125°C 
(MI 
L grade) 


TA 
= aOc 
to +7SoC 
(COM'L 
grade) 


LIMITS 


TA = 25°C 


Min 
Typ 
Max 


VOH 
Output HIGH Voltage 
Vcc = MIN, IOH= -5.0 
mA 
2.4 
2.4 
3.2 
2.4 
I 
Volts 
V'N+ = +0.8 V, V'N_ = 0 V 


Vcc = MAX 
MI L grade 
0.40 
.18 
0.40 
0.40 
VOl 
Output 
LOW Voltage 
JOH= 15.0 mA 
Volts 


V'N+ = +2.0 V, V'N_ = 0 V 
COM'L grade 
0.45 
.25 
0.45 
0.45 


Vcc=MIN 
jVcEx=12V 
MI L grade 
IcEX 
Output 
Leakage Current 
V'N+ = 0 V .[ 
100 
100 
200 
I'A 
V'N_ = 4.5 V VCEX= 5.25 V 
COM'L grade 


Vcc = MAX 
MI L grade 
-15 
-80 
-15 
-39 
-80 
-15 
-80 
Jsc 
Output Short Circuit 
Your = OV 
mA 
Current 
V'N+ = +0.8 V 
V'N_ = 0 V 
COM'L grade 
-14 
-100 
-14 
-39 
-100 
-14 
-100 


III 
Input Load Current 
Vcc = MAX 
-0.9 
-0.49 
-0.7 
-0.7 
mA 


i 
V'N = VOl MAX'other input = Vcc 


IIl(STI 
Strobe Input Low 
Vcc = MAX 
V'N+ = +2.0V 
-2.4 
-1.15 
-2.4 
-2.4 
mA 
Current 
VST= VOLMAX 
V'N_ = 0 V 


I'L(RCJ 
Response Control 
Input 
Vcc = MAX 
V'N+ = +2.0V 
-1.2 
-3.4 
mA 
Load Current 
VRC= VOLMAX 
V'N 
=OV 


VCM 
Common Mode Voltage 
Vcc = 5.0 V 
V'N+ - V'N_ = 0.4 or 2.4 V 
-15 
+15 
-15 
±17.5 
+15 
-15 
+15 
V 


Vcc = MIN 
MIL grade 
2.0 
5.0 
"HIST) 
Strobe Input HIGH 
VsT=4.5V 
I'A 
Current 
V'N+ = 
+0.8 V 
COM'L grade 
5.0 
10.0 
, 
V'N 
=OV 


Vcc = 5.0V 
MIL grade 
77 
130 
167 
R'N 
Input Resistor 
V'N+ = 0 V 
l'l 


Vm= 1.0V 
COM'L grade 
74 
130 
179 


VTH 
Differential 
Input 
VCM= 0 V 
+0.8 
+2.0 
+0.8 
+1.5 
+2.0 
+0.8 
+2.0 
V 
Threshold 
Voltage 


Vcc = MAX 
MIL grade 
50 
28.7 
50 
50 
Icc 
Power Supply Current 
V'N+ = +2.0V 
mA 


V'N_ =OV 
COM'L grade 
50 
28.7 
50 
50 


Switching 
Characteristics 
ITA 
~ 
2S°C) 


Parameters 
Test Conditions 


Ipd+ Turn Off Delay 
RL= 3.9 kll 
Vcc = 5.0 V, CL= 30 pF 
30 
50 
30 
75 
ns 
Ipd_ 
Turn On Delay 
RL= 390!l 
Refer to figure 
4 
30 
50 
30 
75 


Ipd+ Turn Off Delay 
Strobe 10 Output 
RL= 3.9 kll, 
CL = 30 pF 
7 
12 
7 
15 
ns 
Ipd_ 
Turn On Delay 
Strobe to Output 
RL= 39011 
10 
15 
10 
20 


TA = _55°C 
to +125°C 
(MIL 
grade) 
T A = O°C to +75°C 
(COM'L grade) 


LIMITS 


TA = 25°C 
Min 
Typ 
Max 


I VOH 
Output 
HIGH Voltage 
Vcc = MIN, IOH= -5.0 
mA 
2.4 
2.4 
3.2 
2.4 
Volts 


I 
I 
V'N+ = -0.5 
V, V'N_ = 0 V 


I VOL 


I 
Vcc = MAX 
MIL grade 
0.40 
.18 
0.40 
0.40 
Output 
LOW Voltage 
IOH= 15.0 mA 
Volts 


I 
V'N+ = +0.5 V, V'N_ = 0 
COM'L grade 
0.45 
.25 
0.45 
0.45 


I 
Vcc=MIN 
I VcEx=12V 
MIL grade 
IcEX 
Output 
Leakage 
Current 
V'N+ = 0 V I 
100 
100 
200 
pA 


V'N_ = Vcc 
VCEX= 5.25 V 
COM'L grade 


Vcc = MAX 
MIL grade 
-15 
-80 
-15 
-39 
-80 
-15 
-80 
Isc 
Output Short Circuit 
VOUT=OV 
mA 


Current 
V,N+ = -0.5 
V 


V'N_ =OV 
COM'L grade 
-14 
-100 
-14 
-39 
-100 
-14 
-100 


I'L 
Input 
Load Current 
Vcc = MAX 
-0.9 
-0.49 
-0.7 
-0.7 
mA 
V'N = VOLMAX'other input = Vcc 


I'LIST) 
Strobe 
Input Low 
Vcc = MAX 
V'N+ = +0.5 V 
-2.4 
-1.15 
-2.4 
-2.4 
mA 
Current 
VST= VOLMAX 
V'N_ = 0 V 


I'LIRCI 
Response Control 
Input 
Vcc = MAX 
V'N+ = +0.5 V 
-1.2 
-3.4 
mA 


Load Current 
VRC= VOLMAX 
V'N_ = 0 V 


VCM 
Common 
Mode Voltage 
Vcc = 5.0 V 
V'N+ - V'N_ = ±2.0 V 
-15 
+15 
-15 
±17.5 
+15 
-15 
+15 
V 


Vcc = MIN 
MIL grade 
2.0 
5.0 
I'HIST) 
Strobe 
Input HIGH 
VST=A.5V 
pA 
Current 
V'N+ = -0.5 
V 
5.0 
10.0 


V'N_ = 0 V 
COM'L grade 


I 


Vcc = 5.0V 
MIL grade 
77 
130 
167 
R'N 
Input 
Resistor 
V'N+ = 0 V 
n 


VRES= 1.0 V 
COM'L grade 
74 
130 
179 


VTH 
Differential 
Input 
VCM= OV 
-0.5 
+0.5 
-0.5 
±0.02 
+0.5 
-0.5 
+0.5 
V 


Threshold 
Voltage 


Vcc = MAX 
MIL grade 
50 
28.7 
50 
50 
Icc 
Power Supply 
Current 
V,N+ = +0.5 V 
mA 


V'N 
=OV 
COM'L grade 
50 
28.7 
50 
50 


Switching Characteristics ITA = 25°C) 


Parameters 
Test Conditions 


tpd+ 
Turn Off Delay 
RL = 3.9 kll 
Vcc = 5.0 V, CL = 30 pF 
30 
50 
30 
75 
- 
f--- 
ns 
tpd_ 
Tu rn On Delay 
RL= 390 n 
Refer to figure 4 
30 
50 
30 
75 


tpd+ 
Turn Off Delay 
Strobe to Output 
RL= 3.9 kn, CL = 30 pF 
7 
12 
7 
15 
ns 
~- 
Turn On Delay 
Strobe to Output 
RL=390n 
10 
15 
10 
20 


D. C. CHARACTERISTICS 


Output Low Voltage 
Output High Voltage 
Versus 
Versus 
Output Voltage 
Versus 


Output Low Current 
Output High Current 
Ambient 
Temperature 


> 
300 
~ 


S 
w 
3.S 


E 
vec 
l", s.Jv 


T A - 
25°C 
':; 
-+-r 
I 
a 
I I 
a 
- 
> 
3.0 
w 
I 
4 
> 
,/ 
I 
rcc 
4.SV 
'" 
Vcc 
= 4.SV, t- ~ 
w 
•.•.... 
I I 
I 
'" 
'" 


w 
2.S 
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IOH::: -5.0 mA 
':; 
200 
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VOItF=O.sv 
a 
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~ 


3 
-}cc'S'SV- 
':; 
> 
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a 


.1 
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VOL 
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15 mA_ 


t- 
'" 
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ii' 
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100 
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....., 


t- 
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-O.SV 


V 
T 
I 


t- 
:> 
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t- 
:> 
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a 
:> 
~ 
1- 
a 


VCC 
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t- 
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a 


> 
> 
0 


0 
S 
'0 
's 
20 
:I: 
0 
-10 
-20 
-30 
-40 
-SO 
-60-40-20 0 
20406080100120140 
a 


IOL - 
OUTPUT 
LOW CURRENT 
- 
mA 
> 
IOH -OUTPUT 
HIGH 
CURRENT 
- 
mA 
AMBIENT 
TEMPERATURE 
- 
~C 
TA· 


Strobe Input·Output 
Strobe Input-Output 
Transfer 
Characteristic 
Transfer 
Characteristic 
Output 
Voltage 
Versus 
Common 


Versus Vcc 
Versus Ambient 
Temperature 
Mode 
Voltage 
(Am9615) 


w 
6 
6 
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V1N -STROBEINPUTVQLTAGE-VDlT5 
VIN 
- 
STROBE 
INPUTVQLTAGE 
- 
VOLTS 
VCM-COMMON 
MODE 
VOLTAGE 
- 
VOLTS 


Power Supply Current 
Power Supply 
Current 


Input Current Versus 
Versus 
Versus 


Input Voltage 
Power Supply Voltage 
Ambient 
Temperature 
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- 
INPUT 
VOLTAGE 
- 
VOLTS 
Vec - 
POWER SUPPLY 
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- 
VOLTS 
T A 
- 
AMBIENT 
TEMPERATURE 
- "c 


Switching 
Time 
Versus 
Ambient 
Temperature 
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60 
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'"z 
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L1C·402 


Input-Output 
Transfer 
Characteristic 
Versus Vcc 


Input-Output 
Transfer 
Characteristic 
Versus Temperature 
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Input-Output 
Transfer 
Characteristic 
Versus Vcc 


Input-Output 
Transfer 
Characteristic 
Versus Temperature 
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V1N 
- 
INPUT 
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VOLTS 


(PIN 4 OR 121 
CAPACITANCE 
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Am2615/9615 
LOADING 
RULES 


Input 
Fanout 


Pin 
Unit 
Output 
Output 


Input! Output 
No.'s 
Load 
HIGH 
LOW 


Out 
1 
ole 
10 


Active 
Pull-Up 
2 
83 


Response 
Control 
3 


Strobe 
4 
1.5 


+ In 
5 
0.5 


130 n 
6 


-In 
7 
0.5 


GND 
8 


- 
In 
9 
0.5 


130 n 
10 


+ In 
11 
0.5 


Response 
Control 
12 


Strobe 
13 
1.5 


Active Pull-Up 
14 
83 


Out 
15 
ole 
10 


Vcc 
16 


Am2615 
STANDARD 
USAGE 


Single-Ended-Back 
Matched 
Operation 
With 
Common 
Ground 


Am9615 
STANDARD 
USAGE 


Differential 
Operation 


Photograph 
of an Am9615 


switching 
differential 
data 
in 


the 
presence 
of high 
common 
mode noise. 
A+ { 


OUT A 
{ 


A- { 


M~ 


A_~OUTPUT-A 


Am2616 


Distinctive 
Characteristics 


• 
Conforms 
to EIA 
RS-232C, CCITT 
V.24 
and 


MIL-188C 
specifications 


• 
Short circuit 
protected 
output 


• 
Internal slew rate limiting 


• 
Supply 
independent 
output 
swing 


• 
100% reliability 
assurance testing 
in compliance 
with 


MIL-STD-883 


• 
TTLlDTL 
compatible 
input 


The 
Am2616 
is a quad 
line 
driver 
specifically 
designed 
to meet 
the 
EIA RS-232C, 
CCITT 
V.24 and MIL-1SSC 
interface 
requirements. 


Each driver accepts 
DTL/TTL 
logic levels and converts them to the 
requisite 
levels for data transmission 
between 
equipment. 
The 
output 


slew 
rate 
of 
each 
driver 
is internally 
limited, 
but 
can 
be 
lowered 


by an external 
capacitor. 
All outputs 
are short 
circuit 
protected, 
and 


protected 
against 
fault 
conditions 
specified 
in 
RS-232C. 
A 
HIGH 


logic 
level 
on the 
inhibit 
input 
forces 
the 
driver 
output 
to 
VOL 
or 


mark 
state. 
For 
188C 
interface 
the 
output 
impedance 
is guaranteed 


to 
be 
less than 
100 
ohms 
and 
the 
positive 
and 
negative 
output 


voltage 
amplitudes 
are 
guaranteed 
to 
be 
within 
10 
percent 
of 


each 
other. 
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4 
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3 
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0-- 
OUTPUT C 


INHIBIT C 


~13 
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~~C>--OUTPUTD 


INHIBIT 0 -------- 


CIRCUIT 
DIAGRAM 
(One Driver Shown) 


CONNECTION 
DIAGRAM 


Top View 


Package 


Type 


Hermetic 
DIP 


Molded 
DIP 


Dice 


Hermetic 
DIP 


Flat 
Pack 


Dice 


INPUT A, 
'CC 


INPUT A2 
INPUT 0 


INHIBIT A 
INHIBIT 0 


OUTPUT A 
OUTPUT 0 


INPUT B 
INPUT C 


INHIBIT B 
INHIBIT C 


OUTPUT B 
OUTPUT C 


ONO 
'EE 


Order 


Number 


Temperature 


Range 


O°C to +7SoC 
O°C to +7SoC 
O°C to +7SoC 


-SSoC to +12SoC 
-SSoC 
to +12SoC 


-SSoC to +12SoC 


AM2616DC 
AM2616PC 
AM2616XC 
AM2616DM 
AM2616FM 
AM2616XM 


VEE 
= Pin 
9 
Vcc 
= Pin 16 


GND 
= Pin 8 


MAXIMUM RATINGS (Above whieh the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 


VCC 
VEE 


DC Voltage Applied to Outputs 


DC Input Voltage 


Lead Temperature 
(Soldering, 
30 see.) 


_65°C to +150°C 


-55°C 
to +125°C 


+15V 
-15V 


±15V 


-1.5 V to +6V 


300°C 


(COM'L) 
T A = ooc to +7SoC 


(MI UTA 
= _55°c 
to +l2"SoC 


Typ. 


Min. 
(Not.1) 
Max. 


VOH 
Output 
HIGH Voltage 
(Note 2) 
V,N, 
- V'N2 
- V,NHIB,T 
- 0.8 V 
+5.0 
+6.0 
+7.0 
Volts 


VOL 
Output 
LOW Voltage 
(Note 2) 
V,N, 
~ V'N2 
~ V,NHIBIT 
- 2.0 V 
-7.0 
-6.0 
-5.0 
Volts 


V,H 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
voltage 
2.0 
Volts 


V,L 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
voltage 
0.8 
Volts 


I'L 
Input 
LOW Current 
V,N, 
~ V'N2 
~ 0.4 V or V,NHIBIT 
= 0.4 V 
-1.2 
-1.6 
mA 


I'H 
Input HIGH Current 
V'N1 
~ V'N2 
~ 2.4 V or V,NHIBIT 
~ 2.4 V 
40 
p.A 


Output 
Short 
Circuit 
Current 
(Positive) 
RL=On 
-10 
-17 
-30 
mA 
Ise 
(Note 3) 
V'N1 
or V'N2 
~ V,NH,B,T 
~ 0.8 V 


ISE 
Output 
Short 
Circuit 
Current 
(Negative) 
RL - on 
+10 
+17 
+30 
mA 
(Note 3) 
V,N, 
or V'N2 
= V,NH,B,T 
= 2.0 V 


V,N, 
- V'N2 
- V,NH,B,T 
- 0.8 V 
19 
28 
lee 
Total 
Positive 
Supply 
Current 
mA 


V,N, 
- V'N2 
- V,NH,BIT 
- 2.0V 
9.5 
17 


V,N, 
- V'N2 
- V,NHIB,T 
- 0.8V 
0 
-2 
lEE 
Total 
Negative 
Supply 
Current 
mA 


V,N, 
- V'N2 
- V,NH,B,T 
- 2.0V 
-20 
-30 


Notes: 
1. 
Typical 
values 
are at VCC::: 12 
V, 
VEE 
= -12 
V, 
T A = 2SoC. 


2. 
VOH 
and 
VOL 
are guaranteed to 
be equal 
within 
±10 
percent 
of each 
other 
for 
MIL-laSe 
operation.(Le., 
VOH 
= 6.0V 
then 
VOL 
= -6.0V 
±O.6V), 


3. 
The 
ISC 
and 
ISE 
minimum 
limits 
guarantee 
the 
output 
impedance 
to 
be less than 
100 
ohms. 


Switching Characteristics 
(TA = 25°C. VCC = +12.0V. 
VEE = -12.0 
V) 


Parameters 
Description 
Test Conditions 


tpLH 
Delay from 
Input 
LOW to Output 
HIGH 
320 
650 
ns 
eL = 15 pF, R L = ~ 


tpHL 
Delay from 
Input 
HIGH to Output 
LOW 
320 
650 
ns 


dV/dt 
1+1 
Positive Slew Rate 
4.0 
15 
30 
V/p.s 


dV/dt(-) 
Negative Slew Rate 


o pF " 
CL " 
2500 pF. R L ;;. 3 kn 


-30 
-15 
-4.0 
V/p.s 


Output 
Slew Rate 
Transfer 
Characteristics 
versus Load Capacitance 


12 
1000 


'" 
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> 
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Output 
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versus Temperature 
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Temperature 


<5 
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RS-232C 
A specification 
of the Electronic 
Industries 
Association 


that 
defines 
tile 
electrical 
characteristics 
of data 
signals trans- 


mitted 
between 
two pieces of digital equipment. 


R L Load resistance. 
The DC resistance 
between 
the driver output 


and ground. 


MIL-188C 
A Military 
specification 
that 
defines 
the 
electrical 


interface 
and characteristics 
of data signals transmitted 
between 


two pieces of digital equipment. 
CCITT V.24 
A European 
specification 
similar to theMIL-188C 


and RS-232 specifications. 


VINl 


INPUT 
1 


OUTPUT 


INPUT 
2 


CL 
RL 


VINHIBIT 
-II 


+ 
INHIBIT 


,:,::=i-------\-~_-_-_-~_-_-_'5V 


f-'PHL=l 
~'PLH--l 
OUTP~~--*-;.V-,~;;F'" 


---j 
" r- 
---i 
" ~ 


INPUT 
A1 
1 


INPUT 
A2 


INHIBIT 
A 


16 
VCC 


INPUT 
0 


INHIBIT 
0 


DIE SIZE 
0.069" X 0.103" 


Am2617 


• 
Guaranteed 
input 
thresholds 
over 
full 
military 
tem- 


peratu re range 


• 
100% reliability 
assurance testing 
in compliance 
with 


MIL-STD-883 


• 
Includes 
response control 
input 
and built-in 
hysterisis 


• 
Full 
military 
temperature 
range 


• 
Compatible 
with 
EIA specification 
RS-232C 


• 
Input signal range ± 30 volts 


FUNCTIONAL 
DESCRIPTION 


The Am2617 
is a quad 
line receiver 
whose electrical 
characteristics 
conform 
to 
EIA 
specification 
RS-232C. 
Each 
receiver 
has a single 


data input 
that 
can accept signal swings of up to ±3QV. The output 
of each receiver 
is TTL/DTL 
compatible,and 
includes 
a 2kS? resistor 
pull-up 
to VCC. An internal 
feedback resistor causes the input 
to 


exhibit 
hysterisis so that 
AC noise immunity 
is maintained 
at a high 


level even near the switching 
thresholds. 
For example, 
at 2SoC when 


a receiver 
is in a LOW state 
on the output, 
the input 
may drop as 
LOW 
as 
1.25 
volts 
without 
affecting 
the 
output. 
The 
device 
is 
guaranteed 
to switch 
to the 
HIGH state 
when the input 
voltage 
is 
below 
O.75V. 
Once the output 
has switched 
to the HIGH state, the 
input may rise to 1.75V without 
causing a change in the output. 
The 
Am2617 
is guaranteed 
to switch 
to a LOW output 
when 
its input 
reaches 
2.25V. 
Because 
of this 
hystel'isis 
in switching 
thresholds, 
the device can receive signals with superimposed 
noise or with slow 
rise and fall times without 
generating 
oscillations 
on the output. 
The 
threshold 
levels may be offset 
by a constant 
voltage 
by applying 
a 
DC bias to the 
response 
control 
input. 
A capacitor 
added 
to the 
response 
control 
input 
will reduce 
the 
frequency 
response 
of the 


receiver 
for 
applications 
in the 
presence 
of high frequency 
noise 


spikes. The companion 
line driver is the Am2616. 


INA~OUTA 


R.C.A 


INB 
~OUTB 


R.C. B 


INC 
~OUTC 


R.C. C 


IND~OUTO 


R.C.D~ 


CIRCUIT 
DIAGRAM 
(One Receiver) 


CONNECTION 
DIAGRAM 


Top View 


Molded 
DIP 


Hermetic 
DIP 


Dice 


Hermetic 
DIP 


Hermetic 
Flat 
Pack 


Dice 


Temperature 


Range 


DOC to +75°C 


DOC to +75°C 


DOC to +75°C 


-55°C 
to +125°C 


-55°C 
to +125°C 
_55°C 
to +125°C 


Order 
Number 


AM2617PC 


AM2617DC 


AM2617XC 


AM2617DM 


AM2617FM 


AM2617XM 


A 
IN 
vcc 


A 
R.c. 
DIN 


A 
OUT 
o R.C 


B IN 
o OUT 


B R.c. 
C IN 


e OUT 
C R.c. 


GNO 
C OUT 


Am2617 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 
(Pin 14 to Pin 7) Continuous 


DC Voltage Applied to Outputs 
for High Output 
State 


Input Signal Range 


Output 
Current, 
Into Outputs 


DC Input Current 


_65°C 
to +175°C 


-55°C 
to +125°C 


-0.5 
V to +10 V 


-0.5 
V to +Vcc 
max. 


-30 
V to +30 V 


30mA 


Defined by Input Voltage 
Limits 


TA = o°c to +7SoC 
TA 
== -5SoC 
to +12SoC 


Vcc 
= 5.0V ± 5% 
Vcc: 
5.0V ± 10% 


Typ. 


(Note 
1) 


VOH 
Output 
HIGH 
Voltage 
IOH : -0.5 
mA, VIN 
: 0.4 V or open 
2.4 
4.0 
Volts 


VOL 
Output 
LOW Voltage 
IOL = 10 mA, VIN 
- 3.0 V 
0.2 
0.45 
Volts 


VIN 
- -3.0 
V 
-0.43 


IlL 
Input 
LOW Current 
mA 


VIN--25V 
-3.6 
-8.3 


VIN 
- +3.0 V 
0.43 


IIH 
Input 
HIGH 
Current 
mA 


VIN-+25V 
3.6 
8.3 


ISC 
Output 
Short Circuit 
Current 
VIN 
= 0.0 V, VOUT 
- 0.0 V 
1.9 
2.5 
3.8 
mA 


ICC 
Power Supply 
Current 
VCC - MAX. 
20 
26 
mA 


-55'C 
2.3 
3.1 


O°C 
1.9 
2.5 


VT+ 
Positive-Going 
Threshold 
Voltage 
VOL 
= 0.45V, 
VCC = 5.0V 
25°C 
1.75 
2.0 
2.25 
Volts 


75'C 
1.45 
1.90 


125°C 
1.20 
1.65 


-55'C 
0.85 
1.65 


O°C 
0.75 
1.40 


VT_ 
Negative-Going 
Threshold 
Voltage 
VOH 
= 2.5V, 
VCC = 5.0V 
25°C 
0.75 
0.95 
1.25 
Volts 


75'C 
0.60 
1.10 


125'C 
0.50 
0.95 


Notes: 
1. 
Typical 
Limits 
are at Vcc 
= 5.0V, 
2SoC 
ambient 
and 
maximum 
loading. 
2. 
The 
input 
threshold 
margin 
for 
the 
device 
is greater 
than 
the 
voltage 
computed 
as the 
VT+-VT 
_ 
value. 
For 
the 
minimum 
value 
see the 
input 
threshold 
margin 
versus 
temperature 
graph. 


Switching 
Characteristics 
(TA = 25°C, response control 
pin open, CL = 15 pF) 


Parameters 
Description 
Test Conditions 


tPLH 
Delay from 
Input 
LOW to Output 
HIGH 
RL = 3.9 kn 
25 
85 
ns 


tPHL 
Delay from 
Input 
HIGH 
to Output 
LOW 
RL - 390 n 
25 
50 
ns 


tr 
Output 
Rise Time 
(10% to 90%1 
RL - 3.9 kn 
120 
175 
ns 


tf 
Output 
Fall Time 
(90% to 10%) 
RL=390n 
10 
20 
ns 


TYPICAL CHARACTERISTICS 
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Threshold 
Input 
Current 
Voltage 
Adjustment 
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L1C-420 


DEFINITION 
OF TERMS 


FUNCTIONAL 
TERMS 
input 
threshold. 
Both 
thresholds 
can 
be moved 
by applying 
a bias 


to the 
response 
control 
pin. 


RS-232C 
A specification 
of 
the 
Electronic 
Industries 
Association 


that 
defines 
the 
electrical 
characteristics 
of 
data 
signals 
trans- 


mitted 
between 
two 
pieces 
of digital 
equipment. 


Input 
Signal 
Range 
The 
permitted 
range 
of 
DC voltages 
that 
can 


be applied 
to the 
receiver 
input 
without 
damage 
to the 
device. 


Response 
Control 
Pin 
A pin available 
on each 
receiver 
that 
allows 
the 
user 
to set the 
switching 
thresholds 
and 
frequency 
response 
of 


the 
receiver. 


Threshold 
Voltage 
The 
voltage 
level 
on 
the 
input 
that 
will 
cause 
the 
output 
to 
change 
state. 
Because 
the 
device 
exhibits 
hysterisis, 
the 
LOW 
level 
input 
threshold 
is different 
from 
the 
HIGH 
level 


Am2905 


Distinctive 
Characteristics 


• 
Quad high-speed 
LSI bus-transceiver 


• 
Open-collector 
bus driver 


• 
Two-port 
input to D-type register on driver 


• 
Bus driver output 
can sink 100 mA at 0.8V max. 


FUNCTIONAL 
DESCRIPTION 


The 
Am2905 
is a high-performance, 
low-power 
Schottky 
bus transceiver 
intended 
for bipolar or MOS microprocessor 


system 
applications. 
The 
device 
consists 
of four 
O·type 
edge-triggered 
flip·flops 
with 
a built·in 
two-input 
multi· 


plexer on each. The flip·flop 
outputs 
are connected 
to four 
open-collector 
bus drivers. Each bus driver is internally 
con- 
nected to one input of a differential 
amplifier 
in the receiver. 
The four 
receiver 
differential 
amplifier 
outputs 
drive four 


Ootype latches that feature 
three-state 
outputs. 


This LSI bus transceiver 
is fabricated 
using advanced 
low- 


power Schottky 
processing. 
All inputs 
(except 
the BUS in- 


puts) 
are one LS unit load. The open-collector 
bus output 


can sink up to 100 mA at 0.8V maximum. 
The BUS input 


differential 
amplifier 
contains 
disconnect 
protection 
diodes 


such that the bus is fail-safe when power is not applied. The 
bus enable 
input 
(BE) is used to force the driver outputs 
to 
the 
high-impedance 
state. 
When BE is HIGH, the driver is 
disabled. 
The open-collector 
structure 
of the driver allows 


wired-OR 
operations 
to be performed 
on the bus. 
The input 
register consists 
of four 
O·type flip-flops 
with a 
buffered 
common 
clock and a two-input 
multiplexer 
at the 
input of each flip·flop. 
A common 
select input (S) controls 
the four multiplexers. 
When S is LOW, the Ai data is stored 
in the 
register 
and when S is HIGH, the Bi data is stored. 


The buffered 
common 
clock 
(ORCP) 
enters 
the data into 
this driver register on the LOW-to·H IGH transition. 


Oata from the A or B inputs 
is inverted 
at the BUS output. 


Likewise, 
data at the BUS input 
is inverted 
at the receiver 


output. 
Thus, 
data 
is non-inverted 
from 
driver 
input 
to 
receiver 
output. 
The four 
receivers 
each feature 
a built-in 


Ootype latch 
that 
is controlled 
from the buffered 
receiver 


latch enable 
(RLE) input. When the RLE input is LOW, the 
latch 
is open 
and the 
receiver outputs 
will follow the bus 
inputs 
(BUS data 
inverted 
and OE LOW). When the R LE 


input 
is HIGH, the 
latch will close and retain 
the present 


data regardless of the bus input. The four latches have three- 
state 
outputs 
and 
are 
controlled 
by a buffered 
common 


three-state 
control 
(OE) 
input. 
When 
OE is HIGH, 
the 
receiver outputs 
are in the high-impedance 
state. 


• 
Receiver has output 
latch for pipeline 
operation 


• 
Three-state 
receiver outputs 
sink 12 mA 


• 
Advanced 
low-power 
Schottky 
processing 


• 
100% reliability 
assurance 
testing 
in compliance 
with 


MIL-STD-883 
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MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 
Supply Voltage to Ground 
Potential 


DC Voltage Applied to OutPuts 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
Bus) 


DC Output 
Current, 
Into Bus 


DC Input Current 


_-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 
-O.5V 
to +VCC max. 


-O.5V to +7V 


30mA 


200mA 


-30mA 
to +5.0mA 


The 
following 
conditions 
apply 
unless otherwise 
noted: 


Am2905XC 
(COM'Ll 
TA:: 
aOc 
to +70°C 
VCCMIN.:: 
4.75V 
VCCMAX. 
= 5.25V 


Am2905XM 
(MIL) 
TA 
= -5SoC 
to +12SoC 
VCCM1N. 
= 4.5QV 
VCCMAX. 
= 5.50V 


BUS INPUT/OUTPUT 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


Typ. 


(Note 
2) 


10L - 40mA 
0.32 
0.5 


VOL 
Bus Output 
LOW Voltage 
VCC = MIN. 
10L = 70mA 
0041 
0.7 
Volts 


10L = 100mA 
0.55 
0.8 


Vo 
= OAV 
-50 


10 
Bus Leakage 
Current 
VCC = MAX. 
Vo 
= 4.5V 
I 
MIL 
200 
IlA 
I 
COM'L 
100 


10FF 
Bus 
Leakage 
Current 
Vo 
=4.5V 
100 
IlA 
(Power OFF) 


VTH 
Receiver 
Input 
HIGH 
MIL 
204 
2.0 


Threshold 
Bus enable - 2.4V 
Volts 


COM'L 
2.3 
2.0 


VTL 
Receiver) 
nput 
LOW 
Bus enable = 2AV 
MIL 
2.0 
1.5 


Threshold 
Volts 


COM'L 
2.0 
1,6 


The following conditions apply unlessotherwise noted: 


Am2905XC 
(COM'Ll 
T A 
0; OoCto +70oC 
VCCMIN. 
0; 4.75V 


Am2905XM 
MIL) 
TA 
0; _55°C 
to +125°C 
VCCMIN. 
0; 4.50V 


VCCMAX. 
= 5.25V 


VCCMAX. 
= 5.50V 


Receiver Output 
Vee 
= VIN 
MIL, 
10H = -1.0mA 
2.4 
3.4 
VOH 
Volts 


HIGH 
Voltage 
VIN 
= VIL 
or VIH 
eOM'L,lOH 
= -2.6mA 
2.4 
3.4 


10L = 4mA 
0.27 
0.4 


VOL 
Receiver Output 
Vee 
= MIN. 


10L = 8mA 
0.32 
0.45 
Volts 
LOW Voltage 
VIN 
= VIL 
or VIH 


10L = 12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed input logical HIGH 
2.0 
Volts 
(Except 
Bus) 
for all inputs 


Input 
LOW Level 
Guaranteed input logical LOW 
I MIL 
0.7 


V,L 
(Except 
Bus) 
for all inputs 
I COM'L 


Volts 


0.8 


VI 
Input 
Clamp Voltage 
VCC = MIN., 
IIN = -18mA 
-1.5 
Volts 
(Except 
Bus) 


IlL 
Input LOW Current 
VCC = MAX., 
VIN 
= O.4V 
-0.36 
mA 
(Except 
Bus) 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 2.7V 
20 
IlA 
(Except 
Bus) 


II 
Input 
HIGH 
Current 
Vce 
= MAX., 
VIN 
= 5.5V 
100 
IlA 


(Except 
Bus) 


Receiver Uff·State 
I Vo 
= 2.4 V 
20 


10 
VCC = MAX. 
IlA 
Output Current 
IVo=O.4V 
-20 


'SC 


Receiver Output 
VCC = MAX. 
-12 
-65 
mA 
Short Circuit Current 


'ce 
Power Supply Current 
Vce 
= MAX., 
All 
inputs 
= GND 
69 
105 
mA 


Am2905XM 
Am2905XC 


Typ. 
Typ. 
Parameters 
Description 
Test Conditions 
Min. 
(Note 2) 
Max. 
Min. 
(Note 2) 
Max. 
Units 


tPHL 
21 
40 
21 
36 


Driver Clock 
(DRCP) 
to Bus 
ns 
tpLH 
CL (BUS) 
= 50pF 
21 
40 
21 
36 


tPHL 
Bus Enable IBE) to Bus 
RL (BUS) = 50n 
13 
26 
13 
23 


ns 


tPLH 
13 
26 
13 
23 


ts 
25 
23 


Data Inputs (A or B) 
ns 


th 
8.0 
7.0 


ts 
33 
30 


Select Input 
(S) 
ns 
th 
8.0 
7.0 


tpw 
Driver Clock 
(DRCP) 
Pulse Width 
28 
25 
ns 
(HIGH) 


tPLH 
Bus to Receiver 0utput 
18 
37 
18 
34 
ns 
tPHL 
(Latch 
Enablel 
CL = 15pF 
18 
37 
18 
34 


tpLH 
RL 
= 2.0kn 
21 
37 
21 
34 


Latch Enable to Receiver Output 
ns 
tPHL 
21 
37 
21 
34 


ts 


Bus to Latch 
Enable (RLE) 


21 
18 
ns 
th 
7.0 
5.0 


tZH 
14 
28 
14 
25 
Output Control to Receiver Output 
ns 
tZL 
14 
28 
14 
25 


tHZ 
14 
28 
14 
25 
Output Control to Receiver Output 
ns 


tLZ 
14 
28 
14 
25 


Notes: 1. For conditions shown as MIN. or MAX., 
use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. 
Typical 
limits 
are at VCC 
0; 5.QV, 25°C ambient and maximum loading. 


3. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


BE - 3.3kn 
I 
m-Skn 
CiE-skn 
A,B,S=10kn I 
ORCP" 
10kn 
I 
BUS 


I 
1'0 
lj 


I 
I 
I 


Bus Output 
Low Voltage 
Versus Ambient 
Temperature 


1.0 


Receiver Threshold 
Variation 


Versus Ambient 
Temperature 


2.5 


2.4 


2.3 


2.2 


2.1 


2.0 


Vice ~ +5.6v 


I 


I 
_ - - 
IBUS'" 
l00mA 


'BUS 
70mA 


taus - 40mA 


I 


1.9 


1.8 


1.7 


1.6 


1.5 
-55 
-35 -15 
5 
25 
45 
65 
85 105 125 


T A - 
AMBIENT 
TEMPERATURE 
_ °c 


o 
-55 -35 -15 5 
25 45 65 85 105 125 


TA - 
AMBIENT 
TEMPERATURE 
_ °c 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
TO DEVICE 
FUNCTION 


S 
A; 
B; 
DRCP 
BE 
RLE 
O£ 
0; 
a; 
BUS, 
R; 


X 
X 
X 
X 
H 
X 
X 
X 
X 
Z 
Driver output 
disable 


X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
Receiver output 
disable 


X 
X 
X 
X 
H 
L 
X 
L 
H 
Driver output 
disable and 


X 
X 
X 
X 
H 
L 
X 
H 
L 
receive data via Bus input 


X 
X 
X 
X 
X 
H 
X 
X 
NC 
X 
X 
Latch received data 


L 
L 
X 
t 
X 
X 
X 
L 
X 
X 
X 


L 
H 
X 
t 
X 
X 
X 
H 
X 
X 
X 


H 
X 
L 
t 
X 
X 
X 
L 
X 
X 
X 


Load driver register 


H 
X 
H 
t 
X 
X 
X 
H 
X 
X 
X 


X 
X 
X 
X 
X 
X 
NC 
X 
X 
X 
No driver clock restrictions 
X 
X 
X 
X 
X 
X 
NC 
X 
X 
X 


X 
X 
X 
X 
X 
X 
L 
X 
H 
X 


Drive Bus 
X 
X 
X 
X 
X 
X 
H 
X 
L 
X 


H - 
HIGH 
Z = HIGH 
Impedance 
X = Don't 
care 
i = 0, 1,2,3 


L: 
LOW 
NC = No change 
t = LOW 
to HIGH 
transition 


AO. A,. 
A2. A3 
The 
"A" 
word 
data 
input 
into 
the 
two 


input 
multiplexer 
of the driver 
register. 


BO. B,. B2. B3 
The 
"B" 
word 
data 
input 
into 
the 
two 


input 
multiplexers 
of the driver 
register. 


Select. 
When the select input 
is LOW, the 
A data 
ward 
is applied 
to the driver 
reg- 


ister. When the select 
input 
is HIGH, 
the 
B word 
is applied 
to the driver 
register. 


Driver 
Clock 
Pulse. 
Clock 
pulse 
for 
the 
driver 
register. 


Bus Enable. When the Bus Enable is HIGH. 
the four drivers are in the high impedance 
state. 


The 
four 
driver 
outputs 
and 
receiver 
in- 
puts (data is inverted). 


iillSO• BUS, 


BUS2,BUS3 


RO. R,. 
R2. R3 
The four 
receiver 
outputs. 
Data from 
the 
bus is inverted 
while 
data from 
the A or B 
inputs 
is non-inverted. 


Receiver 
Latch 
Enable. 
When 
R LE 
is 


LOW. 
data 
on 
the 
BUS 
inputs 
is passed 
through 
the 
receiver 
latches. 
When 
R LE 
is HIGH. 
the 
receiver 
latches 
are closed 
and 
will 
retain 
the 
data 
independent 
of 


all other 
inputs. 


Output 
Enable. 
When 
the 
OE 
input 
is 


HIGH, 
the 
four 
three 
state 
receiver 
out- 


puts are in the high-impedance 
state. 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 
Temperature 
Screening 


Order 
Type 
Range 
Level 
Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM290SPC 
P-24 
C 
C-1 


AM290SDC 
D-24 
C 
C-1 


AM290SDC-8 
D-24 
C 
B-1 
AM290SDM 
D-24 
M 
C-3 


AM290SDM-B 
D-24 
M 
B-3 


AM290SFM 
F-24 
M 
C-3 


AM290SFM-B 
F-24 
M 
8-3 


AM290SXC 
Dice 
C 
} 


Visual inspection 


AM290SXM 
Dice 
M 
to MIL-STD-883 
Method 20108. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 


ing letter is number of leads. See Appendix 8 for detailed outline. 
Where Appendix 
B contains several dash numbers, 
any of the 


variations of the package may be used unless otherwise specified. 


2. C = O·C to +70·C, M = -SS·C to +12S·C. 
3. See Appendix A for details of screening. Levels C-t and C-3 con- 


form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


CB 
SOp' 


IINOTE 
1) 


23 
DRCP 


22 
"3 


21 
B3 


20 
A3 


" 
BUSJ 


lB 
GND2 


17 
BUS2 
16 
A2 


15 
B2 


" 
"2 


'3 


B, 


R, 
10 


I 
I 
I 


A 
CONTROL 
B 
IN 
CONTROL I-- 


ALU 
SCRATCH 
PAD 
- 


MASTER 
CONTROL 


OUT 
OUT 


I 


ADDRESS 
REMOTE 
ANa 
OPERATION 
DATA DISPLAY 


j 
j 
j 


A 
B 
CONTROL 
A 
B 
CONTROL 
A 
B 
CONTROL 


Am2905 
Am2905 
Am2905 


R 
BUS 
R 
BUS 
R 
BUS 
--l 


The Am2905 
is a universal Bus Transceiver 
useful for many system data, address, control 
and 


timing input/output 
interfaces. 


Am2906 


• 
Quad high-speed LSI bus transceiver. 
• 
Open-collector 
bus driver. 


• 
Two-port 
input to D-type register on driver. 


• 
Bus driver output can sink 100 mA at 0.8V max. 
• 
Internal odd 4-bit parity checker/generator. 


The 
Am2906 
is a high-performance, 
low-power 
Schottky 


bus transceiver 
intended 
for bipolar or MOS microprocessor 


system 
applications. 
The 
device 
consists 
of four 
Ootype 
edge-triggered 
flip-flops with a built-in two-input 
multiplexer 


on each. The flip-flop 
outputs 
are connected 
to four open- 


collector 
bus 
drivers. 
Each 
bus driver 
is internally 
con- 


nected to one input of a differential 
amplifier 
in the receiver. 


The four 
receiver 
differential 
amplifier 
outputs 
drive four 


Ootype 
latches. 
The 
device 
also contains 
a four-bit 
odd 


parity checker/generator. 


This 
LSI bus transceiver 
is fabricated 
using advanced 
low- 


power Schottky 
processing. 
All inputs 
(except 
the BUS in- 


puts) 
are one LS unit load. The open-collector 
bus output 
can sink up to 100 mA at 0.8V maximum. 
The BUS input 


differential 
amplifier 
contains 
disconnect 
protection 
diodes 
such that the bus is fail-safe when power is not applied. 
The 


bus enable 
input 
(BE) is used to force the driver outputs 
to 


the 
high-impedance 
state. 
When BE is HIGH, the driver is 
disabled. 
The open-collector 
structure 
of the driver allows 
wired-OR 
operations 
to be performed 
on the bus. 


The input 
register 
consists 
of four 
Ootype flip-flops 
with a 


buffered 
common 
clock and a two-input 
multiplexer 
at the 


input of each flip-flop. 
A common 
select input 
(S) controls 
the four multiplexers. 
When S is LOW, the Ai data is stored 


in the 
register 
and when S is HIGH, the Bi data 
is stored. 
The buffered 
common 
clock 
(DRCP) 
enters 
the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B input 
is inverted 
at the BUS output. 
Likewise, 
data at the BUS input 
is inverted 
at the receiver 


output. 
Thu~, 
data 
is non-inverted 
from 
driver 
input 
to 
receiver 
output. 
The four 
receivers 
each feature 
a built-in 


Ootype latch that 
is controlled 
from the buffered 
receiver 


latch enable 
(RLE) input. When the RLE input is LOW, the 


latch 
is open 
and the 
receiver outputs 
will follow the bus 
inputs 
(BUS data 
inverted). 
When the RLE input 
is HIGH, 


the latch will close and retain the present data regardless of 
the bus input. 


The Am2906 
features 
a built-in four-bit 
odd parity checker/ 


generator. 
The bus enable 
input 
(BE) controls 
whether 
the 
parity 
output 
is in the generate 
or check mode. When the 


bus enable 
is LOW (driver enabled). 
odd parity 
is generated 


based on the A or B field data input to the driver register. 
When BE is HIGH, the parity 
output 
is determined 
by the 


four latch outputs 
of the receiver. Thus, if the driver is en- 


abled, 
parity 
is generated 
and if the 
driver 
is in the high- 
impedance 
state, the BUS parity is checked. 


• 
Receiver has output 
latch for pipeline operation. 
• 
Receiver outputs sink 12 mA. 


• 
Advanced low-power Schottky 
processing. 
• 
100% reliability 
assurance testing in compliance with 
MI L-STD-883. 


• , • 
9 
,.,. 
20 
21 


AO ·0 
A, ., 
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A3 
63 


" 
000 
12 


RO 
" 


ORCP 


Am2906 
R, 
'0 


11 
.E 
R, 
,. 


RLE 
R, 
22 


17 
'9 


Vcc 
= Pin 
24 


GND, 
= Pin 6 


GND2:::: 
Pin 
18 
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Top View 


m 
,. 
·cc 


RO 
23 
DACP 


·0 
22 
R, 


AO 
21 
., 


BUSO 
'0 
A, 


GND1 
'9 
Am2906 


BUSt 
,. 
GND2 


A, 
17 


., 
,. 
A, 


R, 
'0 
15 
., 


BE 
11 
,. 
R, 


000 
12 
13 


g~~~~R 
ORCP 


~~;BLe 
BE 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 
Supply Voltage to Ground 
Potential 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
Bus) 


DC Output 
Current, 
Into Bus 


DC Input Current 


-65°C 
to +150°C 


_55°C 
to +125°C 


-O.5V 
to +7V 
-O.5V to +VCC max. 


-O.5V 
to +5.5V 


30mA 


200mA 


-30mA 
to +5.0mA 


The 
following 
conditio.ns 
apply 
unless 
otherwise 
noted: 


Am2906XC 
(COM'L) 
T A = OoC to +70°C 
VCC 
MIN. 
= 4.75V 


Am2906XM 
(MIL) 
TA 
= _55°C 
to +125°C 
VCC 
MIN. 
=4.5QV 


BUS INPUT/OUTPUT 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
Typ. 
Parameters 
Description 
Test Conditions 
(Not. 
1) 
Min. 
(Not.21 


10L =40mA 
0.32 
0.5 


VOL 
Bus Output 
LOW Voltage 
10L = 70mA 
0.41 
0.7 
Volts 


10L = l00mA 
0.55 
0.8 


Vo 
= 0.4V 
-50 


10 
Bus Leakage 
Current 
VCC = MAX. 
Vo 
= 4.5V 
MIL 
200 
IlA 


COM'L 
100 


10FF 
Bus Leakage 'Current 
Vo 
=4.5V 
100 
IlA 
(Power OFF) 


VTH 
Receiver 
Input 
HIGH 
MIL 
2.4 
2.0 
Threshold 
Bus enable 
= 2.4V 
Volts 


COM'L 
2.3 
2.0 


VTL 
Receiver 
Input 
LOW 
Bus enable = 2.4V 
MIL 
2.0 
1.5 
Threshold 
Volts 


COM'L 
2.0 
1.6 


The 
following 
conditions 
apply 
unless 
otherwise 
noted: 


Am2906XC(COM'L) 
TA=OOCtO+70oC 
VCCMIN.=4.75V 


Am2906XM(MIL) 
TA=-5S0CtO+12SoC 
VCCMIN.4.5V 


Receiver 
Output 
VCC = MIN. 
MIL 
IOH =-1mA 
2.4 
3.4 


HIGH 
Voltage 
VIN 
= VIL 
or VIH 
COM'L 
IOH = -2.6mA 
2.4 
3.4 
VOH 
Volts 
Parity 
Output 
VCC = MIN., 
IOH = -6601JA 
MIL 
2.5 
3.4 


HIGH 
Voltage 
VIN 
= VIH 
or VIL 
COM'L 
2.7 
3.4 


IOL =4mA 
0.27 
0.4 


VOL 
Output 
LOW Voltage 
VCC = MIN. 


IOL =8mA 
0.32 
0.45 
Volts 
(Except 
Busl 
VIN 
= VIL 
or VIH 
IOL = 12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
(Except 
Bus) 
for 
all 
inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
MIL 
0.7 


Volts 


(Except 
Busl 
for 
all 
inputs 
COM'L 
0.8 


VI 
Input 
Clamp Voltage 
VCC = MIN., 
IIN = -18mA 
-1.2 
Volts 


(Except 
Bus) 


IlL 


Input 
LOW Current 
VCC = MAX .. VIN 
= O.4V 
-0.36 
mA 
(Except 
Busl 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 2.7V 
20 
IJA 
(Except 
Bus) 


II 


Input 
HIGH 
Current 


VCC = MAX., 
VIN 
= 5.5V 
100 
IJA 
(Except 
Bus) 


ISC 


Output 
Short 
Circuit 
Current 
VCC = MAX. 
-12 
-65 
mA 
(Except 
Bus) 


ICC 
Power 
Supply 
Current 
VCC - MAX., 
All 
inputs 
= GND 
72 
105 
mA 


Am2906XM 
Am2906XC 


Typ. 
Typ. 


Parameters 
Description 
Test Conditions 
Min. 
(Note 
2) 
Max. 
Min. 
(Note 2) 
Max. 
Units 


tpHL 
21 
40 
21 
36 


Driver Clock 
(DRCP) to Bus 
ns 
tPLH 
CL (BUS) = 50pF 
21 
40 
21 
36 


tpHL 
Bus Enable (BE) to Bus 


RL (BUS) = 50n 
13 
26 
13 
23 


ns 
tPLH 
13 
26 
13 
23 


ts 
25 
23 


Data Inputs 
(A or B) 
ns 
th 
8.0 
7.0 


ts 
33 
30 


Select Inputs 
(S) 
ns 
th 
8.0 
7.0 


tpw 
Clock 
Pulse Width 
(HIGH) 
28 
25 
ns 


tPLH 
Bus to 
Receiver 
Output 
18 
37 
18 
34 
ns 
tpHL 
I Latch 
Enabled) 
18 
37 
18 
34 


tPLH 
21 
37 
21 
34 
Latch 
Enable 
to 
Receiver 
Output 
CL=15pF 
ns 
tPHL 
21 
37 
21 
34 


ts 


RL = 2.0kn 


21 
18 
8us to Latch Enable (RLE) 
ns 
th 
7.0 
5.0 


tPLH 
A or B Data to Odd ParitY Output 
21 
40 
21 
36 


(Driver 
Enabled) 
ns 
tpHL 
21 
40 
21 
36 


tPLH 
Bus to Odd Parity 
Output 
21 
40 
21 
36 


(Driver 
Inhibited, 
Latch 
Enabled) 
ns 
tpHL 
21 
40 
21 
36 


tPLH 
Latch 
Enable (R LEI to 
21 
40 
21 
36 


Odd Parity 
Output 
ns 
tPHL 
21 
40 
21 
36 


Notes: 
1. 
For 
conditions 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typical 
limits 
are at VCC 
= 5.0V, 
2SoC 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


iIT •• 3.3kfi 
I 
ALE" 5kn 
0E"'5kn 
A,6,S-tQkn 
I 


OACP" 
tOkn 


I 
BUS 


I 
1'0 
:J 
I 
I 
I 


Bus Output 
Low Voltage 
Versus Ambient 
Temperature 
~ 
~ 
1.0 
0 
:; 
>, 
0 
w 
> 
" 
, 
0.8 
« 
w 
:; 
"« 
0 
:; 
> 
0 
0.6 
g 


> 
0 


>- 


~ 
ii' 
0.4 
>- 
::> 
I 
0 
>- 
~ 
<r 
~ 
0.2 
w> 
, 
w 
~ 
~ 
0 
0 
> 
-55-35-155 
25 
45 
65 85 105 125 
, 
>- 


T A - 
AMBI ENT TEMPE RATU RE _ "C 
> 


Receiver Threshold 
Variation 


Versus Ambient 
Temperature 


2.5 


2.4 


2.3 


2.2 


2.1 


2.0 


1.9 


1.8 


1.7 


1.6 


1.5 


-55 
-35 -15 
5 
25 
45 
65 
85 105 125 


T A - 
AMBIENT 
TEMPERATURE 
- 
"C 


I 
I 
I 


I 
I 
I 


VCC-5.5VI 
I 
I 


II Vcc 
5.25V 


_MIL r-- VCl;417J~ 
COM'L 


" 


VCC-4.5V 


MPR-on 
MPA-078 


SWITCHING WAVEFORMS 
f 
\ 
f 


3.0V 


DRIVER 
1.3V 
CLOCK 


OV 
I"~I"--j 
I 'E 


3.0V 


A, B or S ~ 
1/////////// 


""~ 


1.3\1 
INPUT 


OV 
tPLH-If 


f- 


~ 


VOH 


BUS 


OUTPUT 
2.0\1 


'PHLB 
'PLH~ 
t= 


VOL 


VOH 


RECEIVER 
\ 
F 


1.3\1 
OUTPUT 


VOL 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
TO DEViCE 
FUNCTION 


S 
A; 
B; 
DRCP 
BE 
RLE 
OE 
0; 
Q; 
BUSi 
R; 


X 
X 
X 
X 
H 
X 
X 
X 
X 
X 
Driver output 
disable 


X 
X 
X 
X 
X 
X 
H 
X 
X 
Z 
Receiver output 
disable 


X 
X 
X 
X 
H 
L 
X 
L 
H 
Driver 
output 
disable and 


X 
X 
X 
X 
H 
L 
X 
H 
L 
receive data via Bus input 


X 
X 
X 
X 
X 
H 
X 
X 
NC 
X 
X 
latch 
received data 


L 
L 
X 
t 
X 
X 
X 
L 
X 
X 
X 


L 
H 
X 
t 
X 
X 
X 
H 
X 
X 
X 


H 
X 
L 
t 
X 
X 
X 
L 
X 
X 
X 


Load driver 
register 


H 
X 
H 
t 
X 
X 
X 
X 
X 


X 
X 
X 
L 
X 
X 
X 
NC 
X 
X 
X 
No driver 
clock 
restrictions 


X 
X 
X 
H 
X 
X 
X 
NC 
X 
X 
X 


X 
X 
X 
X 
X 
L 
X 
X 


X 
X 
X 
X 


Drive Bus 


X 
X 
H 
X 
X 


H ~ 
HIGH 
Z = HIGH 
Impedance 
X = Don't 
care 
i = 0, 1,2,3 


L ~ 
LOW 
NC = No change 
t = lOW 
to HIGH 
transition 


AO. A,. 
A2. A3 
The 
"A" 
word 
data 
input 
into 
the 
two 


input 
multiplexer 
of the driver 
register. 


BO. B,. 
B2. B3 
The 
"B" 
word 
data 
input 
into 
the 
two 
input 
multiplexers 
of the driver 
register. 


Select. 
When the select input 
is LOW. the 
A data 
word 
is applied 
to the driver 
reg- 
ister. When the select 
input 
is HIGH. 
the 


B word 
is applied 
to the driver 
register. 


Driver 
Clock 
Pulse. 
Clock 
pulse 
for 
the 
driver 
register. 


Bus Enable. When the Bus Enable is HIGH. 
the four drivers are in the high impedance 
state. 


The 
four 
driver 
outputs 
and 
receiver 
in- 


puts (data is inverted). 


BUSO. BUS, 


BUS2.BUS3 


RO. R,. 
R2. R3 
The four 
receiver 
outputs. 
Data from 
the 
bus is inverted 
while 
data from 
the A or B 


inputs 
is non-i nverted. 


Receiver 
Latch 
Enable. 
When 
R LE 
is 
LOW. 
data 
on the 
BUS inputs 
is passed 
through 
the 
receiver 
latches. 
When 
R LE 


is HIGH. 
the 
receiver 
latches 
are closed 


and 
will 
retain 
the 
data 
independent 
of 


all other 
inputs. 


Output 
Enable. 
When 
the 
OE 
input 
is 
HIGH. 
the 
four 
three 
state 
receiver 
out- 


puts are in the high-impedance 
state. 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 
Temperature 
Screening 


Order 
Type 
Range 
Level 


Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2906PC 
P-24 
C 
C-l 


AM2906DC 
D-24 
C 
C-l 


AM2906DC-B 
D-24 
C 
B-1 


AM2906DM 
D-24 
M 
C-3 


AM2906DM-B 
D-24 
M 
B-3 


AM2906FM 
F-24 
M 
C-3 


AM2906FM-B 
F-24 
M 
B-3 


AM2906XC 
Dice 
C 
} 


Visual inspection 


AM2906XM 
Dice 
M 
to MIL-STD-663 
Method 2010B. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 


ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 


2. C = O°Cto +70°C, M ~ -55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-l 
and C-3 con- 


form to MIL-STD-663, Class C. Level B-3 conforms to MIL-STD- 
663, Class B. 


c. 
50pF 
I (NOTE t) 


23 
ORep 


22 
"3 
21 
·3 


20 
A3 
I. 
BUS3 
,. 
GND2 


17 
BUS2 
'6 
A2 


15 
·2 
,. 
"2 


13 
S 


BUS 


ENABLE 


LATCH 


ENABLE 
BITS 
8-11 


BITS 
4-7 


Am2907· Am2908 


Quad Bus Transceivers 
with Interface Logic 


Distinctive 
Characteristics 


• 
Quad high-speed 
LSI bus-transceiver 


• 
Open-collector 
bus driver 


• 
D-type register 
on driver 


• 
Bus driver output can sink 100mA at 0.8V max. 


• 
Internal odd 4-bit parity checker/generator 


FUNCTIONAL DESCRIPTION 


The Am2907 and Am2908 are high-performance 
bus trans- 
ceivers intended for bipolar or MaS microprocessor system ap- 
plications. The Am2908 is Digital Equipment Corporation "Q or 
LSI-II bus compatible" while the Am2907 features a 2.0V receiver 
threshold. These devices consist of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four open-col- 
lector bus drivers. Each bus driver is internaliy connected to one 
input of a differential amplifier in the receiver. The four receiver 
differential amplifier outputs drive four D-type latches, that feature 
three-state outputs. The devices also contain a four-bit odd parity 
checker/generator. 


These LSI bus transceivers 
are fabricated 
using advanced 
low-power Schottky processing. Ali inputs (except the BUS in- 
puts) are one LS unit load. The open-coliector bus output can 
sink up to 100mA at O.8V maximum. The BUS input differential 
amplifier contains disconnect protection diodes such that the 
bus is fail-safe when power is not applied. The bus enable 
input (BE) is used to force the driver outputs to the high-impe- 
dance state. When BE is HIGH, the driver is disabled. The 
open-coli ector structure of the driver aliows wired-OR opera- 
tions to be performed on the bus. 


The input register consists of four D-type flip-flops with a buf- 
fered common clock. The buffered common clock (DRCP) en- 
ters the Ai data into this driver register on the LOW-to-HIGH 
transition. 


Data from the A input is inverted at the BUS output. Likewise, 
data at the BUS input is inverted at the receiver output. Thus, 
data is non-inverted form driver input to receiver output. The 
four receivers each feature a built-in D-type latch that is con- 
trolied from the buffered receiver latch enable (RLE) input. 
When the RLE input is LOW, the latch is open and the receiver 
outputs wili foliow the bus inputs (BUS data inverted and OE 
LOW). When the RLE input is HIGH, the latch wili close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs and are controlied by a buf- 
fered common three-state 
control 
(OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 


The Am2907 and Am2908 feature a built-in four-bit odd parity 
checker/generator. The bus enable input (BE) controls whether 
the parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch out- 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


The Am2907 has receiver threshold typicaliy of 2.0V while the 
Am2908 threshold is typicaliy 1.5V. 


• 
Am2907 
has 2.0V input receiver 
threshold; 
Am2908 
is 


"DEe 
Q or LSI-II bus compatible" 
with 1.5V receiver 


threshold 
• 
Receiver 
has output 
latch for pipeline 
operation 


• 
Three-state 
receiver 
outputs 
sink 12mA 


• 
Advanced 
Low-power 
Schottky 
processing 


• 
100% reliability 
assurance 
testing 
in compliance 
with 


MIL-STD-883 


19 
DRCP 
000 


RO 


Am2907 
Rl 


BE 
Am2908 


R2 


11 
R3 


vcc = Pin 20 
GND, 
= Pin 5 


GND2 = Pin 15 


CONNECTION DIAGRAM 


Top View 


ill 
vcc 


RO 
DRCP 


Ao 
R3 


BUSo 
A3 


GNOl 
BUS3 


BUSl 
GN02 


Al 
BUS2 


Rl 
A2 


BE 
R2 


DE 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 


Hermetic DIP 
Hermetic Flat Pak 
Dice 


Am2907 


Order 


Number 


Temperature 
Range 


O·Cto +70·C 
O·Cto +70·C 
O·C to +70·C 


-55·C 
to +125·C 


-55·C 
to +125·C 


-55·C 
to +125·C 


AM2907PC 
AM2907DC 
AM2907XC 
AM2907DM 
AM2907FM 
AM2907XM 


Am2908 
Order 
Number 


AM2908PC 
AM2908DC 
AM2908XC 
AM2908DM 


DRIVER 
CLOCK 
DRCP 


~~iBlE 
BE 


MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life 
may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for 
HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
BUS) 


DC Output 
Current, 
Into Bus 


DC Input 
Current 


-65°C 
to +150°C 


_55°C 
to +125°C 


-0.5 V to +7 V 


-0.5 
V to +VCC 
max. 


-0.5 
V to +5.5 V 


30mA 


200 mA 


-30 
mA to +5.0 mA 


The following 
conditions 
apply 
unless 
otherwise 
noted: 


Am2907XC, Am2908XC (COM'L) 
TA = O°Cto +70°C 
Vcc MIN. = 4.75V 
Vcc MAX. = 5.25V 


Am2907XM, Am2908XM (MIL) 
TA = -55°C to +125°C 
Vcc MIN. = 4.50V 
Vcc MAX. ~ 5.50V 


BUS INPUT/OUTPUT 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


Typ. 
Parameters 
Description 
Test Conditions (Note 1) 
Min. 
(Note 2) 
Max. 


10L = 40mA 
0.32 
0.5 


VOL 
Bus Output LOW Voltage 
Vcc 
~ MIN. 
10L= 70mA 
0,41 
0.7 
Volts 


IOL = 100mA 
0.55 
0.8 


Vo 4 O,4V 
-50 


10 
Bus Leakage Current 
Vcc 
~ MAX. 
MIL 
200 
,...A 


Vo = 4.5V 
COM'L 
100 


'OFF 
Bus Leakage Current (Power Off) 
Vo = 4.5V 
100 
,...A 


MIL 
2,4 
2.0 


Am2907 
COM'L 
2.3 
2.0 
VTH 
Receiver Input HIGH Threshold 
Bus Enable = 2,4V 
Volts 


MIL 
1.9 
1.5 


Am2908 
COM'L 
1.7 
1.5 


MIL 
2.0 
1.5 


Am2907 
COM'L 
2.0 
1.6 
VTL 
Receiver Input LOW Threshold 
Bus Enable ~ 2.4V 
Volts 


MIL 
1.5 
1.1 


Am2908 
COM'L 
1.5 
1.3 


VI 
Input Clamp Voltage 
Vcc = MIN., IIN = -18mA 
-1.2 
Volts 


The 
following 
conditions 
apply 
unless 
otherwise 
noted: 
Am2907XG, 
Am2908XG 
(GOM'L) 
TA = OOGto +700G 
Vcc 
MIN. = 4.75V 
Vcc 
MAX. = 5.25V 


Am2907XM, 
Am2908XM 
(MIL) 
TA = -55°G 
to +125°G 
Vcc 
MIN. = 4.50V 
Vcc 
MAX. = 5.50V 


DC CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


Receiver 
VCC = MIN. 
MIL: 
10H = -lmA 
2.4 
3.4 


VOH 
Volts 
Output 
HIGH 
Voltage 
VIN=VILorVIH 
COM'L: 
10H - -2.6mA 
2.4 
3.4 


Parity 
VCC - MIN" 
10H = -66011A 
I MIL 
2.5 
3.4 


VOH 
I COM'L 


Volts 
Output 
HIGH 
Voltage 
VIN 
= VIH 
or VIL 
2.7 
3.4 


10L - 
4mA 
0.27 
0.4 


VOL 
Output 
LOW Voltage 
VCC = MIN. 


10L = 
8mA 
0.32 
0.45 
Volts 
(Except 
Busl 
VIN 
= VIL 
or VIH 


10L - 12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input logical HIGH 
2.0 
Volts 
(Except 
Bus) 
for all inputs 


Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
I MIL 
0.7 
VIL 
I COM'L 


Volts 


(Except 
Busl 
for all inputs 
O.B 


VI 
Input Clamp Voltage 
VCC = MIN., 
IIN = -18mA 
-1.2 
Volts 
I Except 
Bus) 


IlL 
Input 
LOW 
Current 
VCC = MAX., 
VIN 
= 0.4 V 
-0.36 
mA 
I Except 
Bus) 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 2.7 V 
20 
I1A 
I Except 
Bus) 


II 
Input HIGH 
Current 
VCC = MAX., 
VIN 
= 5.5 V 
100 
I1A 
(Except 
Busl 


ISC 
Output 
Short Circuit 


VCC = MAX. 
-12 
-65 
mA 
Current 
(Except 
Bus) 


ICC 
Power Supply Current 
VCC = MAX .. All 
Inputs = GND 
75 
110 
mA 


Off-State 
Output 
Current 
Vo = 2.4 V 
20 
'0 
(Receiver 
Outputs) 
VCC = MAX. 
Vo 
= 0.4 V 


J}.A 


-20 


OVER OPERATING 
TEMPERATURE 
RANGE 
Am2907XM 
Am2907XC 


Typ. 
Typ. 
Parameters 
Description 
Test 
Conditions 
Min. 
(Note 
2) 
Max. 
Min. 
(Note 
2) 
Max. 
Units 


tpHL 
21 
40 
21 
36 
Driver 
Clock 
IDRCP) 
to Bus 
ns 
tPLH 
CL (BUS) = 50pF 
21 
40 
21 
36 


tpHL 
Bus Enable (BE) to Bus 


RL (BUS) = 50n 
13 
26 
13 
23 
ns 
tPLH 
13 
26 
13 
23 


ts 
18 
15 


Data Inputs 
ns 
th 
8.0 
7.0 


tpw 
Clock 
Pulse Width 
(HIGH) 
28 
25 
ns 


tPLH 
Bus to Receiver 
Output 
18 
37 
18 
34 


(Latch 
Enabled) 
ns 
tpHL 
18 
37 
18 
34 


tpLH 
21 
37 
21 
34 


Latch 
Enable 
to Receiver 
Output 
ns 
tPHL 
21 
37 
21 
34 


ts 


CL = 15pF 
18 


Bus to Latch 
Enable (RLE) 
RL = 2.0kn 
21 
ns 
th 
7.0 
5.0 


tPLH 
Data to Odd Parity 
Out 
21 
40 
21 
36 


(Driver 
Enabled) 
ns 
tPHL 
21 
40 
21 
36 


tpLH 
Bus to Odd Parity Out 
21 
40 
21 
36 


(Driver 
Inhibit) 
ns 
tpHL 
21 
40 
21 
36 


tPLH 
Latch 
Enable (RLE) 
to Odd 
21 
40 
21 
36 


Parity 
Output 
ns 
tpHL 
21 
40 
21 
36 


tZH 
14 
28 
14 
25 
Output 
Control 
to Output 
ns 
tZL 
14 
28 
14 
25 


tHZ 
CL = 5.0pF 
14 
28 
14 
25 
Output 
Control to Output 
ns 
tLZ 
RL = 2,Okn 
14 
28 
14 
25 


Notes: 
1. 
For 
conditions 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typical 
limits 
are at 
VCC 
= 5.0V, 
25°C 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of 
the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


,r· 
"II· 


•.arameters 
Description 
Test Conditions 
Min. 
{Note 2) 
Max. 
Min. 
(Note 2) 
Max. 
Units 


tPHL 
21 
40 
21 
36 


Driver Clock (DRCP) to Bus 
ns 
tpLH 
21 
40 
21 
36 


tpHL 
Bus Enable (BE) to Bus 
13 
26 
13 
23 


CdBUS) 
= 50pF 
ns 
tpLH 
13 
26 
13 
23 


tr 
Bus Output Rise Time 
RdBUS): 
91Oto 
5 
10 
7 
10 
Vcc 
ns 
tf 
Bus Output Fall Time 
2000 to GND 
3 
6 
4 
6 


ts 
18 
15 
Data Inputs 
ns 
th 
8-0 
7.0 


tpw 
Clock Pulse Width (HIGH) 
28 
25 
ns 


tpLH 
Bus to Receiver Output 
18 
38 
18 
35 


(Latch Enabled) 
ns 
tpHL 
18 
38 
18 
35 


tPLH 
CL = 50pF 
21 
38 
21 
35 


Latch Enable to Receiver Output 
ns 
tPHL 
RL = 2.0kO 
21 
38 
21 
35 


ts 
Bus to Latch Enable (RLE) 


21 
18 
ns 
th 
7.0 
5.0 


tpLH 
Data to Odd Parity Out 
21 
40 
21 
36 


(Driver Enabled) 
ns 
tpHL 
21 
40 
21 
36 


tpLH 
Bus to Odd Parity Out 
21 
40 
21 
36 


(Driver Inhibit) 
ns 
tpHL 
CL = 15pF 
21 
40 
21 
36 


tPLH 
Latch Enable (RLE) to Odd 
RL = 2.0kO 
21 
40 
21 
36 


Parity Output 
ns 
tpHL 
21 
40 
21 
36 


tZH 
14 
28 
14 
25 


Output Control to Output 
ns 
tZL 
14 
28 
14 
25 


tHz 
CL = 5.0pF 
14 
28 
14 
25 


Output Control to Output 
ns 
tLZ 
RL = 2.0kO 
14 
28 
14 
25 


Notes: 
1. For conditions 
shown as MIN. or MAX., use the appropriate 
value specified under Electrical Characteristics 
fo the applicable 
device type. 
2. Typical limits are at Vcc 
= 5.0V, 25°C ambient and maximum loading. 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


BE" 3.3kn 
I 
RLE" Skn 
OE"Skn 
A, 8. S" 10kn I 
DACP = lOkn 
I 
BUS 


I 
1 


'0 


lJ 
I 
I 
I 


Bus Output 
Low Voltage 


Versus Ambient 
Temperature 


~ 
1.0 
o> 
~ 
0.8 


~~ 
o 
0.6 
> 
I- 
:> 
~ 
0.4 
:>o~ 
~ 
0.2 


I-'o 
> 


Am2907 
Receiver Threshold 
Variation 
Versus Ambient 
Temperature 


2.5 


2.4 


2.3 


2.2 


2.1 


2.0 
COM'l 


1.9 


1.8 


1.7 


1.6 


1.5 
-55 -35 -15 5 
25 45 65 85 105125 


T A - 
AMBIENT 
TEMPERATURE 
_ °c 


o 
-55 -35 -15 5 
25 45 65 85 105125 


T A - 
AMBIENT 
TEMPERATURE 
- °c 


\ 


Am2908 


Receiver Threshold 
Variation 
~ 
Versus Ambient Temperature 


~ 
2.0 


~ 
1.9 
"'« 
1.8 


~ 
1.7 


9 
1.6 
o 
1.5 


~ 
1.4 


J: 
1.3 
I- 
a: 
1.2 


> 
W~ 
"'II- 
> 


~30V 


--1.3V 


ov 
r-\ 


Am2907/08 
SWITCHING 
WAVEFORMS 
AND LOAD TEST CIRCUITS 
\_-- 


OV 


3V 


OV 


' 


, 


. 


5v 


3V 


OV 


,.---- 
•••.•• --------- 
3V 


An 
15V1 
\'5V 


~_'H---i--~·~~~~~~~~~~~,~~~~ 
:: 


f' 
5V 
'.5V"i- 


----, 
I 
tpw-----.r- 
OV 
DRCP 
,.5vl 
\ 


l-i t:" 


IlUSn 
[1; 


MPR·509 
tpHL 
tplH 
~ 


r-" 


90%~ 
1.5V 
__ 
'1'._,0'%__:1 


'.5V'\ 
f1.5V 


l:-'PHLj- ~ 
'PLH 


BUS 
n--------,-.5V~1.5V 


2. DRIVER CLOCK (DRCP) TO BUS 
3. BUS ENABLE (BE) TO BUS 


DRIVER SWITCHING 
WAVEFORMS 


I 
------~ 


Am2907 
DRIVER LOAD TEST CIRCUIT 
Am2908 
DRIVER LOAD TEST CIRCUIT 


OE 
OV 


RLE 
\-~~~~~~~~~~~~:: 
i:, 
pw=J_3V 


'PLH~ 
ov 
________ 
F 


4. BUS TO RECEIVER OUTPUT 


(LATCH ENABLED) 


E 
I Cl 
------~ 
I 
Nole: 
CL = 15pF for Am2907 
CL = 50pF for Am2908 


Am2907/08 
SWITCHING 
WAVEFORMS 
AND LOAD TEST CIRCUITS 
(Cont.) 


Rn 


OUTPUT 
NORMALLY 


LOW 


1.SV\. 


~tZL:1 


i2 
\1.SV 


OPEN 
I 


~tZH---j 


Rn 
OUTPUT 
NORMALLY 


HIGH 


/ 


1.SV 


51 
OPEN 
. 


/1.5V.f 
ov 
Ill! 
.SV 
F-LvOL 


I 
II 
VO 


H 


l~1 


tHZ~ 
.5V 


1.SV* 
I.SV)(:: 


-~tPLH 
tPHL5 


ODD 
I_.S_VI 
1.SV~ 


Nole 1: CL = 15pF for tZL. IZH 
CL =" 5pF for ILZ. 1HZ 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
TO DEVICE 
FUNCTION 
Ai 
DRCP 
BE 
RLE 
OE 
OJ 
OJ 
Bi 
Ri 


X 
X 
H 
X 
X 
X 
X 
H 
X 
Driver output 
disable 


X 
X 
X 
X 
H 
X 
X 
X 
Z 
Receiver output 
disable 


X 
X 
H 
L 
L 
X 
L 
L 
H 
Driver output 
disable and receive data 


X 
X 
H 
L 
L 
X 
H 
H 
L 
via Bus input 


X 
X 
X 
H 
X 
X 
NC 
X 
X 
Latch received data 


L 
t 
X 
X 
X 
L 
X 
X 
X 


H 
t 
X 
X 
X 
H 
X 
X 
X 
Load driver register 


X 
L 
X 
X 
X 
NC 
X 
X 
X 
No driver clock restrictions 


X 
H 
X 
X 
X 
NC 
X 
X 
X 


X 
X 
L 
X 
X 
L 
X 
H 
X 
Drive Bus 


X 
X 
L 
X 
X 
H 
X 
L 
X 


Z = High Impedance 
X = Don't 
Care 
NC = No Change 
t = LOW-to-HIGH 
Transition 


BE 
ODD PARITY OUTPUT 


L 
ODD = AO Ell A1 
Ell A2 
Ell A3 


H 
ODD = 00 
Ell 01 
Ell 02 
Ell 03 


DRCP 
Driver Clock Pulse. Clock pulse for the driver register. 


BE 
Bus 
Enable. 
When 
the 
Bus Enable 
is LOW, the 
four 


drivers are in the high impedance 
state. 


BUSo, 
BUS1. 
BUS2. 
BUS3 
. The 
four 
driver 
outputs 
and 


receiver inputs 
(data is inverted). 


RO. R 1, R2, R3 
The four 
receiver 
outputs. 
Data from the 


bus 
is inverted 
while 
data 
from 
the 
A or B inputs 
is non- 


inverted. 


RLE 
Receiver 
Latch 
Enable. When RLE is LOW. data on the 


BUS inputs 
is passed through 
the receiver latches. 
When RLE 


is HIGH, 
the 
receiver 
latches 
are closed 
and will retain 
the 


data independent 
of all other inputs. 


ODD 
Odd 
parity 
output. 
Generates 
parity 
with 
the 
driver 


enabled, 
checks 
parity 
with the driver in the high-impedance 


state. 


OE 
Output 
Enable. 
When the 
OE input 
is HIGH, 
the four 


three-state 
receiver 
outputs 
are in the 
high-impedance 
state. 


S BUS 


I 


A 


Am2907/8 
ADDRESS 
REGISTER 


BUS 
I 
I 
Am'.'B r- 
STATUS REGISTER 


A 


Am2907/8 
MAIN 
DATA 
BUS 
MEMORY 
REGISTER 
R 


FLAGS 
Y 


A 
Am2909 
- 


BUS 
Am2907/8 
MICROPROGRAM 
I 
Am2901 A 
SEQUENCER 
BIPOLAR 


R 
MICROPROCESSOR 


I 


0 


ROM/PROM 
MICROCODE 


I 


Am291B 
MICAOWORD 
REGISTER 


R BUS 


The Am2907 
can be used as an I/O Bus Transceiver 
and Main Memory 
I/O Transceiver 
in high-speed 
Microprocessor 
Systems. 


Am2915A 
Quad Three-State 
Bus Transceiver 
With Interface 
Logic 


Distinctive 
Characteristics 


• 
Quad high-speed 
LSI bus-transceiver 


• 
Three-state 
bus driver 


• 
Two-port 
input 
to D-type 
register on driver 


• 
Bus driver 
output 
can sink 48mA 
at 0.5V 
max. 


• 
Receiver has output 
latch for pipeline 
operation 


FUNCTIONAL 
DESCRIPTION 


The Am2915A 
is a high-performance, 
low-power 
Schottky 
bus 


transceiver 
intended for bipolar or MOS microprocessor 
system 


applications. 
The device consists 
of four D-type edge-triggered 


flip-flops 
with 
a built-in 
two-input 
multiplexer 
on each. The 
flip-flop 
outputs 
are connected 
to four three-state 
bus drivers. 


Each 
bus 
driver 
is internally 
connected 
to the 
input 
of a 


receiver. 
The four 
receiver 
outputs 
drive four D-type latches 


that feature three-state 
outputs. 


This 
LSI bus transceiver 
is fabricated 
using advanced 
low- 
power Schottky 
processing. 
All inputs 
(except the BUS inputs) 


are one 
LS unit load. The three-state 
bus output 
can sink up 


to 48mA 
at O.5V maximum. 
The 
bus enable 
input 
(BE) is 
used to force the driver outputs 
to the high-impedance 
state. 


When BE is HIGH, the driver is disabled. 
The VOH and VOL of 


the bus driver are selected for compatibility 
with standard 
and 


Low-Power Schottky 
inputs. 


The 
input 
register 
consists 
of four 
D-type 
flip-flops 
with 
a 


buffered 
common 
clock 
and a two-input 
multiplexer 
at the 


input of each flip-flop. 
A common 
select input (S) controls 
the 


four multiplexers. 
When S is LOW, the Ai data is stored in the 


register and when S is HIGH, the Bi data is stored. The buffered 
common 
clock (DRCP) enters 
the data into this driver register 


on the LOW·to-H IGH transition. 


Data from 
the A or B inputs 
is inverted 
at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. 
Thus, 
data 
is non-inverted 
from 
driver input to receiver 


output. 
The four receivers each feature 
a built-in Ootype latch 


that 
is controlled 
from 
the 
buffered 
receiver 
latch 
enable 
(RLE) 
input. 
When the 
RLE input 
is LOW, the latch is open 


and the receiver outputs 
will follow the bus inputs (BUS data 


inverted 
and 
OE LOW). When the 
RLE input 
is HIGH, the 


latch will close and retain 
the 
present 
data 
regardless 
of the 


bus input. 
The four 
latches 
have three-state 
outputs 
and are 


controlled 
by a buffered 
common 
three-state 
control 
(OE) 


input. 
When OE is HIGH, the receiver outputs 
are in the high- 


impedance 
state. 


• 
Three-state 
receiver outputs 
sink 
12mA 


• 
Advanced 
low-power 
Schottky 
processing 


• 
100% reliability 
assurance testing 
in compliance 
with 


MI L-STD-883 
• 
3.5V 
minimum 
output 
high 
voltage 
for 
direct 
inter- 


face to MOS microprocessors 


'3 


'3 
ORCP 


A, 
'0 


11 
BE 
Am2915A 


A, 
14 


ALE 


12 
OE 
A3 
22 


BUS1 
BUS2 
BU53 


17 
'9 


Vcc 
= Pin 24 


GND, 
= Pin 
6 


GND2 
= Pin 
18 


CONNECTION 
DIAGRAM 


Top View 


ALE 
,. 
'CC 


AO 
'3 
DRCP 


BO 
22 
A3 


AO 
21 
B3 


BUSo 
'0 
A3 


GND1 
'9 
BU53 


Am2915A 


BUS, 
'8 
GND2 


A, 
17 
BU52 


B, 
'6 
A, 


A, 
'0 
IS 
B, 


BE 
11 
,. 
A, 


DE 
12 
'3 


An 


'0 


A, 
., 


A2 


'2 


A3 


'3 


SELECT 


DRIVER 
DRCP 
CLOCK 


'US 


ENABLE 
BE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 
Supply Voltage to Ground 
Potential 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
Bus) 


DC Output 
Current, 
Into Bus 
DC Input Current 


-65°C 
to +150°C 
_55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V 
to +VCC max. 


-O.5V 
to +7V 


30mA 


100mA 


-30mA 
to +5.0mA 


T A 
= ooc to +70°C 


TA = -5SoC 
to +12SoC 


10L = 24mA 
004 
VOL 
Bus Output 
LOW Voltage 
VCC = MIN. 
Volts 


'OL 
= 48mA 
0.5 


VOH 
Bus Output 
HIGH 
Voltage 
VCC = MIN. 
I COM'L, 
10H = -20mA 
204 
Volts 
I 
MIL, 
10H - -15mA 


Vo 
-Oo4V 
-200 


10 
Bus Leakage 
Current 
VCC = MAX. 


Vo 
= 2.4V 
(High Impedance) 
50 
IJA 
Bus enable 
= 2.4 V 
VO=4.5V 
100 


'OFF 
Bus Leakage 
Current 
VO=4.5V 
100 
IJA 
(Power OFF) 
VCC = OV 


VIH 
Receiver 
Input 
HIGH 
Threshold 
Bus enable = 204 V 
2.0 
Volts 


COM'L 
0.8 
VIL 
Receiver 
Input 
LOW Threshold 
Bus enable = 204 V 
Volts 


MIL 
0.7 


'SC 
Bus Output 
Short 
Circuit 
Current 
VCC - MAX. 
-50 
-120 
-225 
mA 
Vo 
=OV 


,....""" 
••• I;,)J-\AIVI 
\IVIILI 
TA = -SS-C to +12S 


uC 
VCCMIN. 
= 4.SQV 
VCCMAX. 
= 5.5QV 
DC CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
Typ. 
(Not. 2) 


VCC ~ MIN. 
I 
MIL:IOH~-1.0mA 
2.4 
3.4 


VOH 
Receiver 
VIN 
~ VIL 
or VIH 
I 
COM'L: 
10H ~ -2.6mA 
2.4 
3.4 
Volts 
Output 
HIGH 
Voltage 


VCC ~ 5.0V, 
10H = -100"A 
3.5 


10L -4.0mA 
0.27 
0.4 


VOL 
Output 
LOW Voltage 
VCC ~ MIN. 


10L -8.0mA 
0.32 
0.45 
Volts 
(Except 
8us) 
VIN 
= VIL 
or VIH 
10L - 12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed input logical HIGH 
2.0 
Volts 
(Except 
8us) 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
I MIL 
0.7 
Volts 
(Except 
8 us) 
for all inputs 
ICOM'L 
0.8 


VI 
Input 
Clamp Voltage 
(Except 
8us) 
VCC ~ MIN., 
IIN ~ -18mA 
-1.2 
Volts 


BE, RLE 
-0.72 


IlL 
Input 
LOW Current 
(Except 
Bus) 
VCC = MAX., 
VIN 
~ 0.4 V 
I All other inputs 
mA 
-0.36 


IIH 
Input 
HIGH 
Current 
(Except 
Bus) 
VCC = MAX., 
VIN 
~ 2.7V 
20 
"A 


II 
Input 
HIGH 
Current 
(Except 
8us) 
VCC ~ MAX., 
VIN 
~ 7.0V 
100 
"A 


'SC 
Output Short Circuit Current 
VCC ~ MAX. 
-30 
-130 
mA 


(Except 
Bus) 


ICC 
Power Supply Current 
VCC = MAX. 
63 
95 
mA 


Off-State Output Current 
VCC = MAX. 


VO=2.4V 
50 
10 
(Receiver Outputs) 
VO-O.4V 
"A 
-50 


Am2915AXM 
Am2915AXC 


Typ. 
Typ. 


Parameters 
Description 
Test 
Conditions 
Min. 
(Note 2) 
Max. 
Min. 
(Note 2) 
Max. 
Units 


tpHL 
21 
36 
21 
32 


Driver 
Clock 
(DRCP) 
to 8us 
ns 


tPLH 
CL (BUS) ~ 50pF 
21 
36 
21 
32 


'ZH, 
'ZL 
RL(BUS) 
= 130n 
13 
26 
13 
23 


Bus Enable (BEl to Bus 
ns 


'HZ, 
'LZ 
13 
21 
13 
18 


ts 
15 
12 
Data Inputs 
(A or BI 
ns 
th 
8.0 
6.0 


ts 
28 
25 


Select Input 
(51 
ns 
th 
8.0 
6.0 


tpw 
Driver 
Clock 
(DRCP) 
Pulse Width 
20 
17 
ns 
(HIGHI 


'PLH 
Bus to Receiver Output 
18 
33 
18 
30 
ns 
tpHL 
(Latch 
Enable) 
CL = 15pF 
18 
30 
18 
27 


tPLH 
RL ~ 2.0kn 
21 
33 
21 
30 
Latch Enable to Receiver Output 
ns 
'PHL 
21 
30 
21 
27 


's 


Bus to Latch 
Enable (RLE) 


15 
13 
ns 
'h 
6.0 
4.0 


tZH,'ZL 
14 
26 
14 
23 
Output Control to Receiver Output 
ns 


'HZ. 'LZ 
CL -5pF, 
RL -2.0kn 
14 
26 
14 
23 


Notes: 1. For conditions shown as MIN. or MAX., usethe appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at VCC = S.QV, 2SoC ambient and maximum loading. 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


INPUT/OUTPUT 
CURRENT 
INTERFACE CONDITIONS 


'CL ~ 15pF for 'PLH, 'PH L, 


'ZL,'ZH 
CL = 5pF for 'HZ, 'LZ 


f 
\ 
f 


J.OV 


DRIVER 
1.3v 
CLOCK 


OV 
I't'i 


I 


~ 


3.0V 


A. B Of S 


~ 
1/////////// 
..,~ 


13V 
INPUT 


OV 


tPLH~ r 
r- 


~ 


VOH 


BUS 
1.3V 
OUTPUT 


'PHLB 
'PLH~ 
t= 


VOL 


VOH 


RECEIVER 
\ 
F 


13V 
OUTPUT 


VOL 


Note: 
Bus to Receiver 
output 
delay is measured 
by clocking 
data into the driver register 


and measuring the BUS to R combinatorial 
delay. 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
;m: , 
23 
OACP 


TO DEViCE 
FUNCTION 


S 
Aj 
Bj 
DRCP 
BE 
RLE 
DE 
OJ 
OJ 
BUSi 
Rj 


X 
X 
X 
X 
H 
X 
X 
X 
X 
Z 
X 
Driver output 
disable 
RO 2 
22 
R3 


X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
Z 
Receiver output 
disable 
BO 3 
" 
B3 


X 
X 
X 
X 
H 
X 
L 
L 
H 
Driver 
output 
disable and 


X 
X 
X 
X 
X 
H 
H 
L 
receive data via Bus input 
AO 
4 
20 
A3 


BUSo 
5 
,. BUS3 
X 
X 
X 
X 
X 
H 
X 
X 
NC 
X 
X 
Latch received data 


L 
L 
X 
t 
X 
X 
X 
L 
X 
X 
X 
GNO, 
6 
lB 
GN02 


L 
H 
X 
t 
X 
X 
X 
H 
X 
X 
X 


H 
X 
t 
X 
X 
X 
L 
X 
X 
X 


Load driver register 


BUS, 
7 
17 
M2 
L 


H 
X 
H 
t 
X 
X 
X 
H 
X 
X 
X 
A, 
B 
16 
A2 


X 
X 
X 
X 
X 
X 
NC 
X 
X 
X 
No driver dock 
restrictions 
B, • 
15 
B2 


X 
X 
X 
H 
X 
X 
X 
NC 
X 
X 
X 
R, 
10 
14 
R2 


X 
X 
X 
X 
X 
X 
X 
H 
X 


Drive Bus 
X 
X 
X 
X 
X 
X 
X 
L 
X 


H - 
HIGH 
Z "" HIGH 
Impedance 
X 
:: 
Don't 
care 
i = 0, 1, 2, 3 
BEll 
'3 
S 


L ~ LOW 
Ne = No change 
t 
:E LOW 
to HIGH 
transition 


AO. A,. 
A2. 
A3 
The 
"A" 
word 
data 
input 
into 
the 
two 
input 
multiplexer 
of the driver 
register. 


BO. B,. 
B2. B3 
The 
"B" 
word 
data 
input 
into 
the 
two 
input 
multiplexers 
of the driver 
register. 


BUSO' BUS, 


BUS2·BUS3 


RO. R,. 
R2. R3 


The 
four 
driver 
outputs 
and 
receiver 
in- 


puts (data is inverted). 


S 
Select. 
When the select input 
is LOW. the 
A data 
word 
is applied 
to the 
driver 
reg- 
ister. When the select input 
is HIGH. 
the 
B word 
is applied 
to the driver 
register. 


DRCP 
Driver 
Clock 
Pulse. 
Clock 
pulse 
for 
the 
driver 
register. 


BE 
Bus Enable. When the Bus Enable is HIGH. 
the four drivers 
are in the high impedance 


state. 


The four 
receiver 
outputs. 
Data 
from 
the 


bus is inverted 
while 
data from 
the A or B 


inputs 
is non-inverted. 


Receiver 
Latch 
Enable. 
When 
R LE 
is 


LOW. 
data 
on 
the 
BUS 
inputs 
is passed 
through 
the .receiver 
latches. 
When 
R LE 
is HIGH. 
the 
receiver 
latches 
are closed 
and 
will 
retain 
the 
data 
independent 
of 
all other 
inputs. 


Output 
Enable_ 
When 
the 
OE 
input 
is 


HIGH. 
the 
four 
three 
state 
receiver 
out- 


puts are in the high-impedance 
state_ 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package. temperature range. and screening level. 


Package Type 
Temperature Range 
Screening Level 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM291SAPC 
P-24 
C 
C-l 
AM291SADC 
D-24 
C 
C-l 


AM291SADC-B 
D-24 
C 
B-1 


AM291SADM 
D-24 
M 
C-3 
AM291SADM-B 
D-24 
M 
B-3 


AM291SAFM 
F-24 
M 
C-3 
AM291SAFM-B 
F-24 
M 
B-3 


AM291SAXC 
Dice 
C 
} 


Visual inspection 


AM291SAXM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 1. P = Molded DIP. D = Hermetic DIP, F = Flat Pak. Number following leller is number of leads. See Appendix B for detailed outline. 


Where Appendix B contains several dash numbers. any of the variations of the package may 
be used unless otherwise specified. 


2. C = O°Cto +70°C. M = -SsoC to +12SoC. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 


Class B. 


I 
I 


A 
CONTROL 
B 
IN 
CONTROL- 


ALU 
SCRATCH PAD 
r-- 
MASTER 
CONTROL 


OUT 
OUT 


I 


ADDRESS 
REMOTE 
AND 
OPERATION 
DATA DISPLAY 


A 
B 
CONTROL 
A 
B 
CONTROL 
A 
B 
CONTROL 


Am2915A 
Am2915A 
Am2915A 


R 
BUS 
R 
BUS 
R 
BUS 
----l 


The Am2915A 
is a universal 
Bus Transceiver 
useful for many system data, address, control 
and 
timing input/output 
interfaces. 


Am2916A 


Quad Three-State 
Bus Transceiver 
With Interface 
Logic 


Distinctive 
Characteristics 


• 
Quad high-speed 
LSI bus-transceiver 
• 
Three-state 
bus driver 
• 
Two-port 
input 
to D-type 
register on driver 
• 
Bus driver 
output 
can sink 48mA 
at 0.5V 
max. 
• 
Internal 
odd 4-bit 
parity 
checker/generator 
• 
Receiver has output 
latch for pipeline 
operation 


FUNCTIONAL 
DESCRIPTION 


The 
Am2916A 
is a high-performance, 
low-power 
Schottky 


bus transceiver 
intended 
for bipolar 
or MaS 
microprocessor 


system 
applications. 
The device consists 
of four 
D-type edge- 


triggered 
flip-flops 
with 
a built-in 
two-input 
multiplexer 
on 


each. 
The flip-flop 
outputs 
are connected 
to four three-state 


bus cjrivers. 
Each 
bus driver 
is 
internally 
connected 
to the 
input of a receiver. The four receiver outputs 
drive four D-type 


latches. 
The device also contains 
a four-bit 
odd parity checker/ 
generator. 


The LSI bus transceiver 
is fabricated 
using advanced low-power 


Schottky 
processing. 
All 
inputs 
(except 
the 
BUS inputs) 


are 
one 
LS unit 
load. 
The 
three-state 
bus output 
can sink 


up to 48mA 
at O.5V maximum. 
The bus enable input 
(BE) is 
used to force the driver outputs 
to the high-impedance 
state. 
When BE is HIGH. the driver is disabled. 


The 
input 
register 
consists 
of four 
D-type 
flip-flops 
with 
a 


buffered 
common 
clock 
and a two-input 
multiplexer 
at the 
input 
of each flip-flop. 
A common 
select 
input 
(S) controls 


the four 
multiplexers. 
When S is LOW, the Ai data 
is stored 


in the register and when S is HIGH. the Bi data is stored. 
The 


buffered 
common 
clock 
(DRCP) 
enters 
the 
data 
into 
this 


driver register on the LOW-to-H IGH transition. 


Data from 
the A or B input 
is inverted 
at the 
BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. 
Thus. 
data 
in non-inverted 
from driver input to receiver 


output. 
The four receivers each feature 
a built-in D-type latch 


that 
is controlled 
from 
the 
buffered 
receiver 
latch 
enable 


(R LE) input. 
When the 
R LE input 
is LOW, the latch is open 


and the receiver outputs 
will follow the bus inputs (BUS data 


inverted). 
When the 
R LE input 
is HIGH, the latch will close 


and retain the present 
data regardless of the bus input. 


The Am2916A 
features 
a built-in 
four-bit 
odd parity checker/ 
generator. 
The 
bus 
enable 
input 
(BE) controls 
whether 
the 


parity 
output 
is in the generate 
or check mode. When the bus 


enable 
is LOW (driver enabled), 
odd parity 
is generated 
based 


on the A or B field data 
input to the driver register. When BE 


is HIGH, the 
parity 
output 
is determined 
by the 
four 
latch 


outputs 
of the receiver. Thus, if the driver is enabled, 
parity is 


generated 
and if the driver 
is in the high-impedance 
state, the 


BUS parity is checked. 


• 
Receiver outputs 
sink 12mA 
• 
Advanced 
low-power 
Schottky 
processing 


• 
100% reliability 
assurance testing 
in compliance 
with 
MI L-STD-883 
• 
3.5V 
minimum 
output 
high voltage 
for direct 
inter- 


face to MOS microprocessors 


Vcc = Pin 24 


GND, 
= Pin 6 


GND2 
= Pin 
18 


CONNECTION 
DIAGRAM 


Top View 
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,. 
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RO 
23 
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BO 
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AO 
" 
B3 


BUSo 
'0 
AJ 


GNO, 
,. 
BUS3 
Am2916A 


BUS, 
'B 
GND2 


A, 
17 
BUS2 


B, 
,. 
A, 


R, 
10 
15 
B, 


BE 
11 
" 
R, 


ODD 
12 
13 


SELECT 
g~6~~A 
DACP 


~~~BLE 
BE 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
Bus) 


DC Output 
Current, 
Into Bus 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 
-O.5V 
to +VCC max. 


-O.5V 
to +7V 


30mA 


lOOmA 


-30mA 
to +5.0mA 


The following 
conditions apply unless otherwise noted: 


Am2916AXC (COM'L) 
TA ~ aOc to +70°C 
VCCMIN. : 4.75V 
VCCMAX.: 
5.25V 
Am2916AXM(MILl 
TA:-55°CtO+125°C 
VCCMIN.:4.50V 
VCCMAX.:5.50V 


BUS INPUT/OUTPUT 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


'OL: 
24mA 
004 


VOL 
Bus Output 
LOW Voltage 
Vcc 
= MIN. 
Volts 


'OL 
- 48mA 
0.5 


VOH 
Bus Output 
HIGH 
Voltage 
VCC = MIN. 
I COM'L, 
JOH - -20mA 


204 
Volts 
I 
MIL, 
'OH: 
-15mA 


VO=Oo4V 
-200 


10 
Bus Leakage Current 
VCC = MAX. 
Vo 
= 204V 
50 
IJA 
(High 
Impedance) 
Bus enable = 204 V 
VO-4.5V 
100 


10FF 
Bus Leakage Current 
VO=4.5V 


100 
IJA 
(Power OFF) 
VCC = OV 


V,H 
Receiver 
Input 
HIGH 
Threshold 
Bus enable - 204 V 
2.0 
Volts 


V,L 
Receiver Input LOW Threshold 
COM'L 
0.8 
Bus enable = 2.4 V 
Volts 


MIL 
0.7 


ISC 
Bus Output 
Short Circuit Current 
VCC = MAX. 


-50 
-120 
Vo 
= OV 
-225 
mA 


Am2916A 


ELECTRICAL 
CHARACTERISTICS 


The following 
conditions 
apply unless otherwise 
noted: 


Am2916AXC 
(COM'U 
T A'" 
aOc 
to +70oC 


Am2916AXM 
(MIL) 
TA=-5S0Cto+12SoC 


Typ. 


(Note 
2) 


VCC = MIN. 
I 
MIL: 
IOH = -1.0mA 
2.4 
3.4 


VOH 
Receiver 
VIN = VIL 
or VIH 
I 
COM'L: 
IOH = -2.6mA 
3.4 
Volts 
Output 
HIGH 
Voltage 


2.4 


VCC = 5.0V, 
IOH = -1001lA 
3.5 


Parity 
VCC = MIN., 
IOH = -6601lA 
MIL 
2.5 
3.4 
VOH 
Volts 


Output 
HIGH 
Voltage 
VIN 
= VIH or VIL 
COM'L 
2.7 
3.4 


IOL =4.0mA 
0.27 
0.4 


VOL 
Output 
LOW Voltage 
VCC = MIN. 
IOL =8.0mA 
0.32 
0.45 
Volts 
(Except 
Bus) 
VIN 
= VIL 
orVIH 


IOL = 12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical HIGH 
2.0 
Volts 
(Except 
Bus! 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
MIL 
0.7 
Volts 
(Except 
Bus) 
for all inputs 
COM'L 
0.8 


VI 
Input 
Clamp Voltage 
(Except 
Bus) 
VCC = MIN .• IIN = -18mA 
-1.2 
Volts 


BE, RLE 
-0.72 
IlL 
Input 
LOW Current 
(Except 
Bus) 
VCC = MAX., 
VIN 
= 0.4 V 
mA 


All other 
inputs 
-0.36 


IIH 
Input 
HIGH 
Current 
(Except 
Bus) 
VCC = MAX., 
VIN 
= 2.7 V 
20 
IlA 


II 
Input 
HIGH 
Current 
(Except 
Bus! 
VCC = MAX., 
VIN 
= 7.0V 
100 
IlA 


ISC 
Output 
Short Circuit Current 
VCC = MAX. 
RECEIVER 
-30 
-130 
mA 
(Except 
Bus) 
PARITY. 
-20 
-100 


ICC 
Power Supply Current 
VCC = MAX., 
All 
Inputs = GND 
75 
110 
mA 


SWITCHING 
CHARACTERISTICS 
OVER 


OPERATING 
TEMPERATURE 
RANGE 


Am2916AXM 
Am2916AXC 


Typ. 
Typ. 
Parameters 
Description 
Test Conditions 
Min. 
(Note 
2) 
Max. 
Min. 
(Note 
2) 
Max. 
Units 


tpHL 
21 
36 
21 
32 


Driver Clock 
(DRep) 
to Bus 
ns 
tPLH 
CL (BUS) = 50pF 
21 
36 
21 
32 


tZH,tZL 
Bus Enable {BE) to Bus 


RL(BUS) 
= 13051 
13 
26 
13 
23 
ns 
tHZ, 
tLZ 
13 
21 
13 
18 


ts 
15 
12 
Data Inputs 
(A or B) 
ns 
th 
8.0 
6.0 


ts 
28 
25 


Select Inputs 
(S) 
ns 
th 
8.0 
6.0 


tpw 
Clock Pulse Width 
(HIGH) 
20 
17 
ns 


tpLH 
Bus to Receiver 
Output 
18 
33 
18 
30 
ns 
tpHL 
(Latch 
Enabled) 
18 
30 
18 
27 


tPLH 
21 
33 
21 
30 


Latch 
Enable 
to Receiver 
Output 
ns 
tpHL 
21 
30 
21 
27 


ts 


Bus to Latch Enable (RLE) 


15 
13 


ns 
th 
CL=15pF 
6.0 
4.0 


tpLH 
A or 8 Data to Odd Parity Output 
RL = 2.0k51 
32 
46 
32 
42 


(Driver 
Enabled) 
ns 
tpHL 
26 
40 
26 
36 


tPLH 
Bus to Odd Parity 
Output 
21 
36 
21 
32 


(Dr,ver 
Inhibited, 
Latch 
Enabled! 
ns 
tpHL 
21 
36 
21 
32 


tpLH 
Latch Enable (RLE) 
to 
21 
36 
21 
32 
Odd Parity Output 
ns 
tpHL 
21 
36 
21 
32 


Notes; 
1. 
For 
conditions 
shown 
as MIN. 
or 
MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 
2. 
Typical 
limits 
are at Vcc 
= 5.0V, 25°C ambient 
and 
maximum 
loading, 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
shaul 
not 
exceed 
one 
second. 


INPUT/OUTPUT 
CURRENT 


INTERFACE 
CONDITIONS 


J 


'CL 
~ 15pF 
for tpLH. tPH L. 


tZL. tZH 
CL ~ 5pF for tHZ. tLZ 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
RLE 
, 
23 
DACP 


TO DEVICE 
FUNCTION 


S 
Ai 
Bi 
DRCP 
BE AU 
OE 
Di 
Oi 
BUSj 
Ri 


X 
X 
X 
X 
H 
X 
X 
X 
X 
Z 
X 
Driver output 
disable 
RO 
2 
22 
R3 


X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
Z 
Receiver output 
disable 
BO 
3 
21 
B3 


X 
X 
X 
X 
H 
L 
L 
X 
L 
Driver 
output 
disable and 


X 
X 
X 
X 
H 
L 
L 
X 
H 
receive data via Bus input 
AO 
20 
A3 


BUSo 
,. BUS3 
X 
X 
X 
X 
X 
H 
X 
X 
NC 
X 
X 
Latch received data 


L 
L 
X 
t 
X 
X 
X 
L 
X 
X 
X 
GNDl 
6 
lB 
GND2 


L 
H 
X 
t 
X 
X 
X 
H 
X 
X 
X 


t 
X 
X 
X 
X 
X 


Load driver register 
17 
BUS2 
H 
X 
L 
L 
X 
BUS, 


H 
X 
H 
t 
X 
X 
X 
H 
X 
X 
X 
A, 
'6 
A2 


X 
X 
X 
L 
X 
X 
NC 
X 
X 
X 
No driver clock restrictions 
B, • 
15 
B2 


X 
X 
X 
H 
X 
X 
X 
NC 
X 
X 
X 
R, 
'0 
,. 
R2 
X 
X 
X 
X 
X 
X 
L 
X 
H 
X 


Drive Bus 


X 
X 
X 
X 
X 
X 
H 
X 
L 
X 


H ~ HIGH 
Z :: 
HIGH 
Impedance 
X 
"" 
Don't 
care 
i :: 0, 1,2.3 
~ 
11 
'3 
S 


L = LOW 
NC 
:00: No change 
t = LOW 
to HIGH 
transition 


The "A" 
word 
data 
input 
into 
the 
two 
input 
multiplexer 
of the driver 
register. 


BUSo, BUS, 


BUS2' 
BUS3 


RO. R,. 
R2. R3 


The four 
driver 
outputs 
and 
receiver 
in- 


puts (data is inverted). 


The 
"B" 
word 
data 
input 
into 
the 
two 
input 
multiplexers 
of the driver 
register. 


The four 
receiver 
outputs. 
Data from 
the 


bus is inverted 
while 
data from 
the A or B 


inputs 
is non-inverted. 


Receiver 
Latch 
Enable. 
When 
R LE 
is 


LOW, 
data on the 
BUS inputs 
is passed 


through 
the 
receiver 
latches. 
When 
R LE 
is HIGH, 
the 
receiver 
latches 
are closed 


and 
will 
retain 
the 
data 
independent 
of 


all other 
inputs. 


Output 
Enable. 
When 
the 
OE 
input 
is 


HIGH, 
the four 
three 
state 
receiver 
out- 


puts are in the high-impedance 
state. 


Select. When the select input 
is LOW, the 


A data word 
is applied 
to the driver 
reg- 


ister. When the select input 
is HIGH. 
the 
B word 
is applied 
to the driver 
register. 


Driver 
Clock 
Pulse. 
Clock 
pulse 
for 
the 


driver register. 


Bus Enable. When the Bus Enable is HIGH. 
the four drivers are in the high impedance 
state. 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type 
Temperature Range 
Screening Level 
(Note 1) 
(Note 2) 
(Note 3) 


P-24 
C 
C-l 
0-24 
C 
C-l 
0-24 
C 
B-1 
0-24 
M 
C-3 
0-24 
M 
B-3 
F-24 
M 
C-3 
F-24 
M 
B-3 


} 


Visual inspection 
to MIL-STO-883 
Method 201DB. 


AM2916APC 
AM2916AOC 
AM2916AOC-B 
AM2916AOM 
AM2916AOM-B 
AM2916AFM 
AM2916AFM-B 


Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = O'C to +70'C, M = -55'C 
to +125'C. 


3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STO-883, Class C. Leyel B-3 conforms to MIL-STO-883, 
Class B. 


BUS 
ENABL.E 


LATCH 
ENABLE 
BITS 
8-11 


BITS 
4-7 


Am2917A 


Quad Three-State 
Bus Transceiver 
With Interface 
Logic 


Distinctive 
Characteristics 


• 
Quad high-speed 
LSI bus-transceiver 
• 
Three-state 
bus driver 
• 
D-type 
register on driver 
• 
Bus driver 
output 
can sink 48mA 
at 0.5V 
max. 
• 
Internal 
odd 4-bit 
parity 
checker/generator 
• 
Receiver has output 
latch for pipeline 
operation 


The Am2917 A is a high-performance, 
low-power 
Schottky 
bus 


transceiver 
intended 
for bipolar or MaS microprocessor 
system 


applications. 
The device consists 
of four Ootype edge-triggered 


flip-flops. 
The flip-flop 
outputs 
are connected 
to four three- 


state 
bus drivers. 
Each bus driver is internally 
connected 
to the 


input of a receiver. The four receiver outputs 
drive four Ootype 
latches, 
that 
feature 
three-state 
outputs. 
The device also con- 


tains a four-bit 
odd parity checker/generator. 


The 
LSI bus 
transceiver 
is fabricated 
using 
advanced 
low- 
power Schottky 
processing. 
All inputs 
(except the BUS inputs) 


are one LS unit load. The three-state 
bus output 
can sink up to 


48mA at O.5V maximum. 
The bus enable input 
(BE) is used to 


force the driver outputs 
to the high-impedance 
state. When BE 


is HIGH, the driver is disabled. 


The 
input 
register 
consists 
of four 
Ootype flip-flops 
with 
a 


buffered 
common 
clock. The buffered 
common 
clock (DRCP) 


enters 
the 
Ai data 
into 
this 
driver 
register 
on the 
LOW-to- 


HIGH transition. 


Data from 
the A input 
is inverted 
at the BUS output. 
like- 
wise, data at the BUS input 
is inverted 
at the receiver output. 


Thus, data is non-inverted 
from driver input to receiver output. 


The four 
receivers each feature 
a built-in 
Ootype latch that 
is 
controlled 
from 
the 
buffered 
receiver 
latch 
enable 
(R LE) 


input. 
When the 
RLE input 
is LOW, the latch is open and the 


receiver outputs 
will follow the bus inputs (BUS data inverted 


and OE LOW). When the 
R LE input 
is HIGH, the latch will 


close and retain 
the 
present 
data regardless 
of the bus input. 


The four 
latches 
have three-state 
outputs 
and are controlled 


by a buffered 
common 
three-state 
control 
(OE) input. When 


OE is HIGH, the 
receiver 
outputs 
are in the high-impedance 


state. 


The Am2917A 
features 
a built-in 
four-bit 
odd parity checker/ 
generator. 
The 
bus enable 
input 
(BE) controls 
whether 
the 


parity 
output 
is in the generate 
or check mode. When the bus 


enable is LOW (driver enabled). 
odd parity 
is generated 
based 


on the 
A field data 
input 
to the driver 
register. When BE is 
HIGH, the parity 
output 
is determined 
by the four latch out- 
puts 
of the 
receiver. 
Thus, 
if the driver 
is enabled, 
parity 
is 


generated 
and if the driver is in the high-impedance 
state, the 
BUS parity is checked. 


• 
Three-state 
receiver outputs 
sink 
12mA 


• 
Advanced 
low-power 
Schottky 
processing 


• 
100% reliability 
assurance testing 
in compliance 
with 


MIL-STD-883 
• 
3.5V 
minimum 
output 
high voltage 
for 
direct 
inter- 


face to MOS microprocessors 


13 
17 


DACP 
000 
10 


RO 


Am2917A 
R, 


R2 
'2 


R3 
'8 


8USo 
BUSl 
BUS2 
BUS3 


14 
'6 


Vcc 
= Pin 20 


GND1 
= Pin 
5 


GND2 
= Pin 
15 


CONNECTION 
DIAGRAM 


Top View 


RLE 


RO 


AD 
R3 


BUSo 
A3 


GNDt 


BUS, 
GN02 


A, 


R, 


BE 


000 


a 


DO 


c, 


a 
01 


c, 


a 
02 


c, 


03 


C, 


g~~~~R 
DACP 


~~~BLE 
BE 
""m C 


MAXIMUM RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
BUS) 


DC Output 
Current, 
Into Bus 


DC Input Current 


-65°C 
to +150°C 


_55°C to +125°C 


-0.5 V to +7 V 


-0.5 
V to +VCC max. 
-0.5 V to +7 V 


30mA 


100 mA 


-30 mA to +5.0 mA 


The 
following 
conditions 
apply 
unless 
otherwise 
noted: 


Am2917AXC 
{COM'Ll 
T A = aOc 
to +70°C 


Am2917AXM 
{MIL} 
TA 
= _55°C 
to+125°C 
VCCM1N. =4.75V 
VCCM1N. = 4.50V 
VCCMAX. = 5.25V 
VCCMAX. = 5.50V 


10L = 24mA 
0.4 
VOL 
Bus Output 
LOW Voltage 
VCC = MIN. 
Volts 


10L = 48mA 
0.5 


VOH 
Bus Output 
HIGH 
Voltage 
VCC = MIN. 
I COM'L, 
10H = -20mA 


2.4 
Volts 
I 
MIL, 
10H = -15mA 


VO=O.4V 
-200 


10 
Bus Leakage 
Current 
VCC = MAX. 
VO=2.4V 
50 
IJA 
(High 
Impedance) 
Bus enable = 2.4 V 


VO-4.5V 
100 


10FF 
Bus Leakage 
Current 
VO=4.5V 
100 
IJA 
(Power OFF) 
VCC = OV 


VIH 
Receiver Input 
HIGH 
Threshold 
Bus enable = 2.4 V 
2.0 
Volts 


COM'L 
0.8 
VIL 
Receiver Input 
LOW Threshold 
Bus enable 
= 2.4 V 
Volts 


MIL 
0.7 


ISC 
Bus Output 
Short Circuit 
Current 
VCC = MAX. 


-50 
-120 
-225 
mA 
YO = OV 


Am2917A 


ELECTR ICAL CHARACTERISTICS 


VCCMIN. 
= 4.75V 
VCCMAX. 
= 5.25V 


VCCM1N. 
=4.50V 
VCCMAX. 
= 5.50V 


DC CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


T A = OoC to +70oC 


T A::: -5SoC 
to +12SoC 


Typ. 


(Note 
2) 


VCC = MIN. 
I 
MIL:IOH=-1.0mA 
204 
304 


VOH 
Receiver 
VIN = VIL 
or VIH 
I 
COM'L: 
10H = -2.6mA 
Volts 
Output 
HIGH 
Voltage 


204 
304 


VCC = 5.0V, 
10H = -1OOIlA 
3.5 


VOH 
Parity 
VCC = MIN., 
10H = -6601'A 
MIL 
2.5 
304 


Output 
HIGH 
Voltage 
Volts 
VIN = VIH or VIL 
COM'L 
2.7 
304 


10L =4.0mA 
0.27 
004 


VOL 
Output 
LOW Voltage 
VCC = MIN. 


10L =8.0mA 
0.32 
0045 
Volts 
IExcept Bus) 
VIN 
= VIL 
or VIH 


10L - 12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
(Except 
Bus) 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
MIL 
0.7 
Volts 
IExcept Busl 
for all inputs 
COM'L 
0.8 


VI 
Input 
Clamp Voltage 
(Except 
Bus) 
VCC = MIN., 
IIN = -18mA 
-1.2 
Volts 


BE,RLE 
-0.72 
IlL 
Input 
LOW 
Current 
(Except 
Bus) 
VCC = MAX., 
VIN 
= 004 V 
mA 


All other inputs 
-0.36 


IIH 
Input 
HIGH Current 
(Except 
Busl 
VCC = MAX., 
VIN 
= 2.7 V 
20 
I'A 


II 
Input 
HIGH 
Current 
IExcept 
Busl 
VCC = MAX., 
VIN 
= 7.0V 
100 
I'A 


ISC 
Output Short Circuit Current 
VCC = MAX. 
RECEIVER 
-30 
-130 
mA 
(Except 
Bus) 
PARITY 
-20 
-100 


ICC 
Power Supply Current 
VCC = MAX. 
63 
95 
mA 


10 
Off-State 
Output 
Current 
VCC = MAX. 


Vo = 2AV 
50 


(Receiver 
Outputs) 
I'A 
Vo - OAV 
-50 


SWITCHING 
CHARACTERISTICS 
OVER 


OPERATING 
TEMPERATURE 
RANGE 


Am2917AXM 
Am2917AXC 


Typ. 
Typ. 
Parameters 
Description 
Test Conditions 
Min. 
(Note 
2) 
Max. 
Min. 
(Note 
2) 
Max. 
Units 


tpHL 
21 
36 
21 
32 
Driver Clock 
IDRCP) to Bus 
ns 
tpLH 
CL (BUSI = 50pF 
21 
36 
21 
32 


tZH, tZL 
Bus Enable IBE) to Bus 


RLBUS)=130n 
13 
26 
13 
23 


ns 
tHZ, 
tLZ 
13 
21 
13 
18 


ts 
15 
12 


A Data 
Inputs 
ns 
th 
8.0 
6.0 


tpw 
Clock Pulse Width 
(HIGH) 
20 
17 
ns 


tPLH 
Bus to Receiver 
Output 
18 
33 
18 
30 


tpHL 
(Latch 
Enabled) 
ns 


18 
30 
18 
27 


tPLH 
21 
33 
21 
30 


Latch 
Enable 
to Receiver 
Output 
ns 
tpHL 
21 
30 
21 
27 


ts 
15 
13 


Bus to Latch Enable (RLE) 
CL=15pF 
ns 
th 
6.0 
4.0 


tpLH 


RL = 2.0kn 
A Data 
to Odd 
Parity 
Out 
32 
46 
32 
42 


tpHL 
IDriver 
Enabled) 
ns 


26 
40 
26 
36 


tpLH 
Bus to Odd 
Parity 
Out 
21 
36 
21 
32 


(Driver 
Inhibit) 
ns 
tpHL 
21 
36 
21 
32 


tpLH 
Latch Enable (RLE) 
to Odd 
21 
36 
21 
32 


Parity 
Output 
ns 
tpHL 
21 
36 
21 
32 


tZH, 
tZL 
14 
26 
14 
23 
Output 
Control 
to Output 
ns 
tHZ, 
tLZ 
CL -5pF, 
RL -2.0kn 
14 
26 
14 
23 


Notes: 
1. 
For .cond.jtj~ns 
shown 
as MIN. 
or MAoX .. use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
TYPical 
limits 
are at VCC 
== 5.QV. 
25 
C ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
outPUt 
should 
be shorted 
at a time. 
Duration 
of the 
shon 
circuit 
test 
should 
not 
exceed 
one 
second. 


INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


'CL 
= 15pF for tpLH, tPHL, 


tZL,tZH 


CL = 5pF for tHZ, tLZ 


m 
, 


" 


DRCP 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
TO DEVICE 
FUNCTION 


Aj 
DRCP 
BE 
RLE 
OE 
OJ 
OJ 
BUSj 
Ri 
AO , 
'8 
A3 


X 
X 
H 
X 
X 
X 
X 
Z 
X 
Driver 
output 
disable 


X 
X 
X 
X 
H 
X 
X 
X 
Z 
Receiver 
output 
disable 
AO 
3 
17 
A3 


X 
X 
H 
L 
X 
L 
L 
H 
Driver 
output 
disable 
and 
8USo • 
16 
BUS3 


X 
X 
H 
L 
X 
H 
H 
L 
receive 
data 
via Bus input 
, 


" 
GND2 
GND, 


X 
X 
X 
H 
X 
X 
·NC 
X 
X 
Latch received data 


L 
t 
X 
X 
X 
L 
X 
X 
X 
BUS, 
8 


" 
8US, 


H 
t 
X 
X 
X 
H 
X 
X 
X 


Load 
driver 
register 
A, 
7 
'3 
A, 


X 
X 
X 
X 
NC 
X 
X 
X 


No driver 
clock 
restrictions 


8 
12 
X 
H 
X 
X 
X 
NC 
X 
X 
X 
A, 
A, 


X 
X 
L 
X 
X 
L 
X 
H 
X 


Drive 
Bus 


X 
X 
L 
X 
X 
H 
X 
L 
X 
BE 
DE 
• 
11 


H ~ HIGH 
Z "" HIGH 
Impedance 
X 
"" Don't 
care 
i "" O. 1,2.3 
L ~ LOW 
NC 
= No change 
t ""LOW 
to HIGH 
transition 


Order the part number according to the table below to obtain the de- 
sired package. temperature range, and screening level. 


Package 
Temperature 
Screening 
Order 
Type 
Range 
Level 
Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2917APC 
P-20 
C 
C-1 


AM2917ADC 
D-20 
C 
C-1 


AM2917ADC-B 
D-20 
C 
B-1 


AM2917ADM 
D-20 
M 
C-3 


AM2917ADM-B 
D-20 
M 
B-3 


AM2917AFM 
F-20 
M 
C-3 


AM2917AFM-B 
F-20 
M 
B-3 


AM2917AXC 
Dice 
C 
} 


Visual inspection 
to MIL-STD-883 
AM2917AXM 
Dice 
M 
Method 2010B. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 


ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers. any of the var- 
iations of the package may be used unless otherwise specified. 


2. C = O°Cto +70°C. M = -55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 con- 


form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883. Class B. 


DRCP 
Driver 
Clock 
Pulse. Clock 
pulse for the driver 
register. 


BE 
Bus 
Enable. 
When 
the 
Bus 
Enable 
is 
LOW, 
the 
four 


drivers are in the high impedance 
state. 


BUSo. 
BUS,. 
BUS2. 
BUS3 
The 
four 
driver 
outputs 
and 


receiver inputs 
(data is inverted). 


RO. R" 
R2, 
R3 
The 
four 
receiver 
outputs. 
Data 
from 
the 


bus 
is inverted 
while 
data 
from 
the 
A 
or 
B inputs 
is non· 


inverted. 


RLE 
Receiver 
Latch 
Enable. When R LE is LOW. data on the 


BUS inputs 
is passed through 
the 
receiver 
latches. 
When 
R LE 


is HIGH, 
the 
receiver 
latches 
are closed 
and 
will 
retain 
the 


data independent 
of all other 
inputs. 


ODD 
Odd 
parity 
output. 
Generates 
parity 
with 
the 
driver 
enabled. 
checks 
parity 
with 
the driver 
in the high-impedance 
state. 


OE 
Output 
Enable. 
When 
the 
OE 
input 
is HIGH. 
the four 


three-state 
receiver 
outputs 
are in the 
high-impedance 
state. 


BE 
ODD PARITY 
OUTPUT 


L 
ODD 
= AO 
<ll A, 
<ll A2 
<ll A3 


H 
ODD 
= 00 
<ll 0, 
<ll 02 
<ll 03 


S BUS 


I 
A 


Am2917A 


ADDRESS REGISTER 


BUS 
I 


Am291B 
I-- 


STATUS REGISTER 


A 
Am2917A 
MAIN 
DATA 
BUS 
MEMORY 
REGISTER 


R 


FLAGS 
Y 


A 
- 


Am2909 


BUS 
Am2917A 
MICROPROGRAM 
I 
Am2901 


SEQUENCER 
BIPOLAR 


R 
MICROPROCESSOR 


I 


0 


ROM/PROM 
MICROCODE 


I 


Am2918 
MICROWORD 
REGISTER 


R BUS 


The Am2917A 
can be used as an I/O Bus Transceiver 
and Main Memory 
I/O Transceiver 
in high-speed 
Microprocessor 
Systems. 


Am3212 -Am8212 
Eight-Bit Input/Output 
Port 


Distinctive 
Characteristics 


• 
Fully parallel, 
8-bit data 
register 
and buffer 
replacing 
latches, 
multiplexers 
and 
buffers 
needed 
in micro- 
processor 
systems. 
• 
4.QV output 
high voltage 
for direct interface 
to MOS 


microprocessors, 
such as the Am9080A 
family. 
• 
Input load current 
250j.lA max. 
• 
Reduces system 
package count 


• 
Available 
for 
operation 
over 
both 
commercial 
and 


military 
temperature 
ranges. 


• 
Advanced 
Schottky 
processing 
with 
100% reliability 


assurance 
testing 
in compliance 
with MIL-STD-883. 


• 
Service request 
flip-flop 
for interrupt 
generation 


• 
Three-state 
outputs 
sink 15mA 


• 
Asynchronous 
register clear with clock over-ride 


All 
of 
the 
principal 
peripheral 
and 
input/output 
functions 
of a Microcomputer 
System 
can 
be implemented 
with 
the 
Am3212 
• Am8212. 
The Am3212. 
Am8212 
input/output 


port 
consists 
of an 8-latch 
with 
3-state output 
buffers 
along 


with control 
and device selection 
logic. which can be used to 
implement 
latches. gated buffers or multiplexers. 


CONNECTION 
DIAGRAM 


Top View 


os; 
2' 


MD 
23 


DI, 
22 


DO, 
21 


012 
20 


D02 
Am3212 
1. 


0'3 
AmB212 
1. 


003 
17 


0'. 
16 


DO. 
10 
1. 


ST. 
11 
,. 


GNO 
12 
'3 


011-018 
DATA 
IN 


001-008 
DATA 
OUT 


DS1-DS2 
DEVICE 
SELECT 


MD 
MODE 


STB 
STROBE 


INT 
INTERRUPT 
(ACTIVE 
LOW) 


CLR 
CLEAR 
(ACTIVE 
LOW) 


Package 
Type 


Hermetic 
DIP 
Hermetic 
DIP 
Molded DIP 
Dice 
Hermetic 
DIP 
Hermetic 
DIP 
Molded DIP 


Temperature 


Range 


-55°C 
to +125°C 


O°C to 
+70°C 


O°C to 
+70°C 


O°C to +70°C 
O°C to +70°C 
-55°C 
to 
+125°C 


O°C to 
+70°C 


Order 
Number 


AM8212DM 
D8212 
P8212 
AM8212XC 
D3212 
MD3212 
P3212 


Data latch 


The 8 flip-flops 
that 
make up the data latch are of a "0" 
type 
design. 
The output 
(0) 
of the flip-flop 
will follow 
the data 
input 
(D) while the clock input (C) is high. latching 
will occur 


when the clock (C) returns 
low. 


The 
data 
latch 
is cleared 
by an asynchronous 
reset 
input 


(ClR). 
(Note: Clock (C) Overrides Reset (ClR)). 


Output 
Buffer 


The outputs 
of the 
data 
latch 
(0) 
are connected 
to 3-state, 
non-inverting 
output 
buffers. 
These buffers 
have a common 


control 
line (EN); this control 
line either 
enables 
the buffer 


to transmit 
the 
data from 
the outputs 
of the data latch (0) 


or 
disables 
the 
buffer, 
forcing 
the 
output 
into 
a high im- 


pedance 
state. 
(3-state). 
This high-impedance 
state allows the 
Am3212. 
Am8212 
to be connected 
directly 
onto the micro- 


processor 
bi-directional 
data bus. 


Control 
logic 


The 
Am3212 
• Am8212 
has control 
inputs 
OS1, OS2, MO 


And STB. 
These 
inputs 
are used to control 
device selection, 


data latching, 
output 
buffer 
state and service request fli p-flop. 


OS" 
DS2 (Device Select) 


These 2 inputs 
are used for device selection. 
When OS, is low 
and 
OS2 is high (OS, 
. OS2) the device 
is selected. 
In the 


selected 
state 
the 
output 
buffer 
is enabled 
and the 
service 
request flip-flop 
(SR) is asynchronously 
set. 


MD (Mode) 


This input is used to control 
the state of the output 
buffer and 


to determine 
the 
source 
of the clock 
input 
(C) to the data 


latch. 


When MO is high (output 
mode) 
the 
output 
buffers 
are en- 


abled and the source of clock (C) to the data latch is from the 
device selection 
logic (OS, . OS2). 


When 
MO is low 
(input 
mode) 
the 
output 
buffer 
state 
is 


determined 
by the device selection 
logic (OS, 
. OS2) and the 
source of clock (C) to the data latch is the STB (Strobe) 
input. 


STB (Strobe) 


This input 
is used as the 
clock 
(C) to the data latch for the 


input 
mode 
M0 
= 0) and to synchronously 
reset the service 


request flip-flop 
(SR). 


Note that the SR flip-flop 
is negative edge triggered. 


Service Request 
Flip-Flop 


The 
SR flip-flop 
is used 
to generate 
and control 
interrupts 


in m-icrocomputer 
systems. 
It is asynchronously 
set by the 


ClR 
input 
(active low). When the (SR) flip-flop 
is set it is in 
the non-interrupting 
state. 


The output 
of the 
(SR) flip-flop 
(0) 
is connected 
to an in- 


verting input of a "NOR" 
gate. The other input to the "NOR" 


gate is non-inverting 
and is connected 
to the device selection 


logic (OS, 
. OS2). The output 
of the "NOR" 
gate 
(INT) is 


active 
low 
(interrupting 
state) 
for connection 
to active 
low 


input priority 
generating 
circuits. 


STB 
MD 
DS,-DS2 
Data Out Equals 


0 
0 
0 
Three·$tate 
, 
0 
0 
Three-State 


0 
, 
0 
Data Latch 
, 
, 
0 
Data Latch 


0 
0 
1 
Data Latch 


1 
0 
1 
Data 
In 


0 
1 
1 
Data In 


1 
1 
1 
Data In 


CLR - 
Resets 
Data 
Latch 


- 
Sets SR 
Flip-Flop 
(no 
effect 
on Output 
Buffer) 


• Internal 
SR 
Flip-Flop 


ClR 
DS,-DS2 
STB 
SR* 
INT 


0 
0 
0 
1 
1 


0 
, 
0 
1 
0 


1 
, 
"- 
0 
0 


1 
1 
0 
1 
0 
, 
0 
0 
1 
1 


1 
1 
"- 
I 
0 


Am3212/ Am8212 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage 


Output 
Voltage 
Input Voltages 
Output 
Current 
(Each Output) 


_65°C 
to +150°C 


_55°C 
to +125°C 


-O.5V 
to +7.0V 


-O.5V 
to +7.0V 
-1.0Vto+5.5V 


125mA 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE (Unless Otherwise 
Noted) 


P8212, D8212, 
P3212, D3212 
(COM'L1 
TA = o°c 
to +70°C 
VCC = 5.0V 
± 5% 
Am8212DM, 
MD3212 
(Mill 
TA 
= _55°C 
to +125°C 
VCC = 5.0V 
± 10% 
DC CHARACTERISTICS 
Typ. 


(Note 
1) 


IF 
I nput 
Load Current 
VF = 0,45V 
-0.25 
mA 
ACK, 
DS2, CR, Dll 
- 
DI8 Inputs 


IF 
Input 
Load 
Current 
MD 
Input 
VF = 0,45V 
-0.75 
mA 


IF 
Input 
Load Current 
DSl 
Input 
VF = 0,45V 
-1.0 
mA 


IR 
Input 
Leakage 
Current 
VR = 5.25V 
10 
pA 
ACK, 
DS, CR, Dll 
- 
DI8 Inputs 


IR 
Input 
Leakage 
Current 
MO 
Input 
VR = 5.25V 
30 
pA 


IR 
Input 
Leakage 
Current 
OS, 
Input 
VR = 5.25V 
40 
pA 


COM'L 
-1.0 
Vc 
Input 
Forward 
Voltage 
Clamp 
IC = -5.0mA 
Volts 


MIL 
-1.2 


COM'L 
0.85 
VIL 
Input 
LOW Voltage 
Volts 


MIL 
0.80 


VIH 
Input 
HIGH 
Voltage 
2.0 
Volts 


VOL 
Output 
LOW Voltage 
10L = 15mA 
0,45 
Volts 


I 
COM'L 
3.65 
4.0 


VOH 
Output 
HIGH 
Voltage 
10H = -1.0mA 
I 
MIL 
3.3 
4.0 
Volts 


10H = -0.5mA 
I 
MIL 
3,4 
4.0 


ISC 
Short 
Circuit 
Output 
Current 
Vo = OV 
-15 
-75 
mA 


Iiol 
Output 
Leakage 
Current 
Vo = 0,45V/5.25V 
20 
pA 
High 
Impedance 


ICC 
Power 
Supply 
Current 
Note 2 
90 
130 
mA 


tpw 
Pulse Width 
30 
8 
ns 


tpd 
Data to Output 
Delay 
12 
30 
ns 


twe 
Write 
Enable 
to Output 
Delay 
18 
40 
ns 


t5et 
Data Set-up Time 
15 
ns 


th 
Data 
Hold 
Time 
20 
ns 


tr 
Reset to Output 
Delay 
18 
40 
ns 


ts 
Set to OutPut 
Delay 
15 
30 
ns 


te 
Output 
Enable/Disable 
Time 
14 
45 
ns 


tc 
Clear to Output 
Delay 
25 
55 
ns 


CAPACITANCE 
(Note 4) 


F = 
1.0MHz, 
vS1AS 
= 2.5V, 
vcc 
= +5.0V, 
TA 
= 2SoC 


Parameters 
Description 
Typ. 


C,N 
DSl 
M D Input Capacitance 
9.0 
12 
pF 


CIN 
DS2, CK, ACK, 
Dll-D18 
5.0 
9.0 
pF 
Input 
Capacitance 


COUT 
D01- 
D08 
Output 
Capacitance 
8.0 
12 
pF 


Notes: 
1. 
Tvpical 
limits 
are at VCC 
= 5.DV. 
25°C 
ambiont 
end 
maximum 
loading. 


2. 
CLR 
= STB::: 
HIGH; 
OS1 
::: OS2 
= MO::: 
LOW; 
all data 
inputs 
are gound, 
all data 
outputs 
are open. 


3. 
Conditions 
of 
Test: 
a) 
Input 
pulse 
amplitude::: 
2.5V 


b) 
Input 
rise and 
fall 
times 
5.0ns 


c) 
Between 
1.QV 
and 2.QV 
measurements 
made 
at 1.5V 
with 
15mA 
and 
30pF 
Test 
Load. 
4. 
This 
parameter 
is sampled 
and 
not 
100% 
tested. 


·30pFI 


TIMING DIAGRAM 
---\1 
r------ 
15V7T''-- 
_ 
-~, 
-=j 
I 


,,·F 
"" __ 
~"NE=j 
_ 


~VX 


I 
15V\ 


---~ 
15V¥----- 
'H 
15V1'- 
_ 


DATA 
--./ 
~'SET~ 


- 
L 
15V\ 
_ 


STBo,os, 


0 


Os, 
'PO~ 
_ 


__'~' 
r\~-I 


f-'A=j 


15V\ 


TYPICAL CHARACTERISTICS 


Input 
Current 
Versus 
Output 
Current 
Versus 
Output 
Current 
Versus 


Input 
Voltage 
Output 
LOW Voltage 
Output 
HIGH Voltage 


0 


~ 


100 


VCC ~ 5.0V 


0 


Vec" 
5.QV 
VCC=5.0V 
11/ 


-50 
1 
-5 


1 
I 
10 
'" 
80 


I 


'" 
A 
E 
A 


E 


I -100 
TA=25 
C_ 
I 
I 
-10 


_I 
° 
A~ 
t- 
VI 
I 


t- 
t- 
~ 
~ 


60 


~ 
~ 
_'5f---Trl~ 


~ -150 
TA' 
75°C_ 
'" 


IA=75°C~ 


'" 
=> 
=> 
=> 
-20 »025°C- 
u 
u 
40 
u 


~ -200 


t- 


TA = 21 


°C');; 


~TAOOOC 


t- 


TA=~C 


'" 
'" 
:!: 


t- 
t- 
-25 
TA=O°C-- 


=> 
20 
=> 
-30 
~~ 
'I 
-250 
0 


~ 
I 


0 


-300 
0 
_35W 


-3 
-2 
-, 
0 
, 
2 
3 
0 
0.2 
0.4 
0.6 
0.8 
0 
1.0 
2.0 
3.0 
4.0 
5.0 


INPUT 
VOLTAGE 
- 
VOLTS 
OUTPUT 
LOW 
VOLTAGE 
- 
VOLTS 
OUTPUT 
HIGH 
VOLTAGE 
- 
VOLTS 


Data to Output 
Delay 
Data to Output 
Delay 
Write 
Enable 
to Output 
Delay 
Versus 
Load 
Capacitance 
Versus 
Temperature 
Versus 
Temperature 


50 
22 
0 
40 


Vec 
= 5.DV 
Vec 
= 5.0V 
I 
Vec = 5.0V 
~ 
TA = 25°C 
~ 
>- 


I 
40 
I 
20 
~ 
35 


S+s 


>- 
>- 
,H 
0 
:3 
:3 
18 
,- 
t- 


w 
- 


'" 


30 
DS2 
0 
30 
0 
,H 


t- 
~~ 
t- 
,- 
t- 
~~ 
~~~ 
-~ 
=> 
~~ 
=> 
I-- 


=> 
'6 
0 
25 
t-+- 
l': 
~~~ 
l': 
~~ 
_~L~ 
,""' 
~~~ 
~~ - 
~~ 
0 


=> 
20-~ 
=> 
t- 
,+- 
0 
- 


0 
-..... 
w 
-~~ 


0 
~~~ 
0 
14 
t--- 
~ 
20 


t- 
t- 
m 
1"::,1 
, 


'" 
,-- 
'" 
'" 
t- 
10 
t- 


'2 
~ 
'5 
'" 
'" 
w 
DS, 
0 
0 


'::: 
I 
0 
10 
'" 
'0 
0 
50 
'00 
'50 
200 
250 
300 
-25 
0 
25 
50 
75 
100 
" 


-25 
0 
25 
50 
75 
100 


LOAD 
CAPACITANCE 
- 
pF 
TEMPERATURE 
_ °c 
TEMPERATURE 
_ °c 
L1C-428 


LOGIC SYMBOLS 


INPUT 
DEVICE 
OUTPUT 
DEVICE 


I" 
"I 


-.2... 
DI 
STB 
~ 
Detailed 
-2- 
01 
STB 
4 
00 
DO ~ 


-2.- 
~ 
5 
~ 
- 
--2- 
~ 
--2- 
~ 


-2.- 
--"-"- 
~ 
~ 
~ 
Am3212 
~ 
~ 
Am3212 
~ 
~ 


Am8212 
.2:- 
~ 


Am8212 
---'-'-- 


~ 
---'!- 
~ 
---2!- 


~ 
~ 
~ 
2!.- 


~ 
CLA_ 
M ~ 
~ 
iNi' 
_CLA ~ 


DS, 
MD 
DS2 
D52 
DS, 


L1C-429 
'14,,1 
,,1 


21 '1 
L1C-430 


VCC 


INPUT 
.-- 
- 


OUTPUT 
STROBE 
___ 
I 
Symbolic 
I 


FLAG 


SYSTEM .t=) 
Am3212 
~ 
~ 
Am3212 
:=) SYSTEM 
INPUT 
Am8212 
---v 
--V 
Am8212 
OUTPUT 


---< 
CLR 
00 :>-- 
--0 
iWf 
CLR 0--- 


L1C-431 
Y l 
I 


D~US 
DA~US 
1 vie I 


L1C-432 


By tying 
the 
mode 
signal low and the strobe 
input 
high, the 


data 
latch 
is acting 
as a straight 
through 
gate. 
The output 


buffers 
are then 
enabled 
from the device selection 
logic OS, 


and OS2. 


When the device selection 
logic is false, the outputs 
are 3-state. 


When the device selection 
logic is true, the input data from the 


system is directly 
transferred 
to the output. 


INPUT 
DATA 


(250~AI 


OUTPUT 
DATA 
115mAJ 
lJ.65V 
MIN.) 


GATING I 


CONTROL 
lDSi-DS2) 
-- 


lIC-433 


vCC 


STB 


Am3212 
DATA rJ 
Am8212 
BUS 


Two Am3212 
• Am8212's 
wired back-to 
back can be used as 


a symmetrical 
drive, bi-directional 
bus driver. 
The devices are 
controlled 
by the 
data 
bus input 
control 
which is connected 


to OS1 on the first 
Am3212 
• Am8212 
and to OS2 on the 
second. 
While one device is active, 
and acting 
as a straight 


through 
buffer the other 
is in its 3-state 
mode. 


The 
Am3212 
• 
Am8212 
accepts 
a strobe 
from 
the system 


input source, 
which 
in turn clears the service request 
flip-flop 


and interrupts 
the processor. 
The processor then goes through 
a service 
routine, 
identifies 
the 
port, 
and causes the device 
selection 
logic to go true 
- 
enabling 
the system 
input 
data 


onto the data bus. 


TO CPU 
INTERRUPT 
INPUT 
lIC-435 


The 
Am3212 
• 
Am8212 
can be used to gate the 
interrupt 
instruction, 
normally 
RESTART 
instructions, 
onto 
the 
data 


bus. 
The device 
is enabled 
from 
the 
interrupt 
acknowledge 


signal from the microprocessor 
and from a port selection 
sig- 


nal. 
This signal is normally 
tied to ground. 
(051 
could be 
used to multiplex 
a variety of interru'pt 
instruction 
ports onto 


a common 
bus). 


The 
Am3212 
• 
Am8212 
is used to transmit 
data 
from 
the 


data 
bus to a system 
output. 
The output 
strobe 
cou Id be a 


hand-shaking 
signal such as "reception 
of data" 
from the de- 
vice that the system 
is outputting 
to. 
It in turn, can interrupt 
the system 
signifying 
the reception 
of date. 
The selection 
of 
the port comes from the device selection 
logic. 
(051' 
052). 


I 


PORT 
SELECTION 


{~CH 
CONTROLl 
(05,-052) 


lIC·437 


The input to the Am3212. 
Am8212 
latch comes directly 


from 
the 
Am9080A 
data 
bus. 
Timing 
shows that 
when 


the 
SYNC 
signal 
is true 
(051 
input), 
and 
tjJ1 
is true, 


(051 
input) 
then 
the status 
data 
will be latched 
into the 


Am3212 
• Am8212. 
The mode signal is tied high so that 
the output 
on the latch is active and evabled all the time. 


'2Vr\. 


ovJ 
'- 
/ 


'0 
--- 
• 
0, 


O2 
8 


0, , 
-- 


0, , 
-- 


05 , 


Am9080A 


O• 
5 
-- 


0, • 
-- 
,. 


SYNC 


17 


CBIN I--- 
., 
'2 


22 
15 
STATUS 
LATCH 


r---------, 
, 
0, 
, 


.....L; 
- 
00 - 
5 
• 
, 
- 
8 
• 
- 
'0 
,. 


Am3212 
- 
15 
'8 
Am8212 
- 


~TLl 
20 
17 
CLOCK 
GEN. 
- 


& DRIVER 
22 
,.- 
~ 


2' 
CLR 
- 


052 
MO 
OSI 


113 
2l' 


I 


00 


0, 


O2 


0, 


DATA 
BUS 
0, 


05 


O. 


0, 


BASIC 
STATUS 


CONTROL 


8US 


Am3216 •Am3226 •Am8216 ·Am8226 


Distinctive 
Characteristics 
• 
Data bus buffer 
driver for 8080 type CPU's 
• 
Low input 
load current 
- 
0.25mA 
maximum 


• 
High 
output 
drive 
capability 
for 
driving 
system 
data 


bus - 
50mA 
at 0.5V 
• 
100% reliability 
assurance testing 
in compliance 
with 


MI L-STD-883 


• 
Am3216 
and Am8216 
have non-inverting 
outputs 


FUNCTIONAL 
DESCRIPTION 


The 
Am3216, 
Am3226, 
Am8216 
and Am8226 
are four-bit, 


bi-directiopal 
bus drivers for use in bus oriented 
applications. 


The 
non-Inverting 
Am3216 
and 
Am8216, 
and 
inverting 


Am3226 
and Am8226 
drivers are provided 
for flexibility 
in 


system design. 


Each 
buffered 
Iine 
of 
the 
four 
bit driver 
consists 
of two 


separate 
buffers 
that are three-state 
to achieve direct bus inter- 


face and bi-directional 
capability. 
On one side of the driver the 


output 
of one buffer and the input of another 
are tied together 


(DB). 
this side is used to interface 
to the 
system 
side com- 


ponents 
such as memories, 
I/O, etc., 
because 
its interface 
is 


TTL 
compatible 
and it has high drive (50mA). 
On the other 


side of the 
driver 
the 
inputs 
and 
outputs 
are separated 
to 


provide 
maximum 
flexibility. 
Of 
course, 
they 
can 
be tied 


• 
Output 
high voltage compatible 
with 
direct 
interface 
to MOS 
• 
Three-state 
outputs 
• 
Advanced 
Schottky 
processing 
• 
Available 
in 
military 
and 
commercial 
temperature 


range 
• 
Am3226 
and Am8226 
have inverting 
outputs 


together 
so that the driver can be used to buffer a true bi-direc- 
tional 
bus. The 
DO outputs 
on this side of the driver have a 


special high voltage output 
drive capability 
so that direct inter- 
face 
to 
the 
8080 
type 
CPUs is achieved 
with 
an adequate 


amount 
of noise immunity. 


The CS input 
is a device enable. 
When it is "high" 
the output 


drivers are all forced 
to their 
high-impedance 
state. When it is 


a "LOW" 
the 
device is enabled' and the direction 
of the data 


flow is determined 
by the DIEN input. 


The 
DIEN 
input 
controls 
the direction 
of data flow which 
is 


accomplished 
by forcing one of the pair of buffers 
into its high 
impedance 
state and allowing the other to transmit 
its data. A 
simple two gate circuit 
is used for this function. 


ORDERING 
INFORMATION 


Am3216 
Am3226 
Am8216 
Am8226 


Package 
Temperature 
Order 
Order 


Type 
Range 
Number 
Number 


Hermetic 
DIP 
-55°C 
to +125°C 
MD3216 
MD3226 


Hermetic 
DIP 
O°C to +70°C 
D3216 
D3226 


tvIolded DIP 
O°C to +70°C 
P3216 
P3226 


Hermetic 
DIP 
-55°C 
to +125°C 
MD8216 
MD8226 
Hermetic 
DIP 
O°C to +70°C 
D8216 
D8226 


Molded DIP 
O°C to +70°C 
P8216 
P8226 


Dice 
O°C to +70°C 
AM8216XC 
AM8226XC 


Am3226 
• Am8226 


DIO 


DDO 


DI, 


DD, 


DIZ 


DDz 


DI3 


DD3 


DIEN 


L1C-440 


CONNECTION 
DIAGRAM 
Top View 


OAT A OUTPUT 
000 


BI.DIR~~TTI~~~~ 
DBO 


DATA 
INPUT 
010 


Vcc 


DIEN 
DATA 
IN 
ENABLE 


(DIRECTION 
CONTROL) 


003 
DATA 
OUTPUT 


DB3 
~~~~R~~~IONAL 


013 
DATA 
INPUT 
DATA OUTPUT 
DO, 


DATA BUS 


BI.OIAECTIONAL 
DB, 
002 
DATA 
OUTPUT 


DB2 
~~~I~:~;IONAL 


012 
DATA 
INPUT 


Am3216/3226/8216/8226 


MAXIMUM 
RATINGS (Above which the useful life may be impaired) 


Temperature 
(Ambient) 
Under Bias 


Storage Temperature 
A1-IOutput 
and Supply Voltages 


All Input Voltages 
Output 
Currents 


-55°C 
to +125°C 


-65°C 
to +150°C 


-O.5Vto+7.0V 


-1.0V 
to +5.5V 
125mA 


Am3216, Am3226, Am8216 AND Am8226 MILITARY 
ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE (_55°C 
to +125°C) 


The following 
conditions 
apply unless otherwise 
specified: 


MD3216. MD8216. MD3226. MD8226 (MIL) 
TA - -Ssoc 
to +12SoC 
VCC ~ S.OV ± 10% 


IFl 
Input 
Load Current 
01 EN. CS 
VF ~ 0.45 
-0.15 
-0.5 
mA 


IF2 
Input 
Load Current 
All Other 
Inputs 
VF ~ 0.45 
-0.08 
-0.25 
mA 


IRl 
Input 
Leakage Current 
01 EN, CS 
VR = 5.5V 
80 
IJ.A 


IR2 
Input 
Leakage Current 
01 Inputs 
VR = 5.5V 
40 
IJ.A 


Vc 
Input 
Forward 
Voltage 
Clamp 
IC ~ -5.0mA 
-1.2 
Volts 


Am3216, 
0.95 
Am8216 


VIL 
Input 
LOW Voltage 
Volts 


Am3226, 
0.9 
Am8226 


VIH 
Input 
HIGH 
Voltage 
2.0 
Volts 


Output 
Leakage 
Current 
DO 
20 
10 
(Three·State) 
DB 
Vo 
~ 0.45V/5.5V 
100 
IJ.A 


Am3216, 
95 
130 
Am8216 


ICC 
Power Supply 
Current 
mA 


Am3226, 


85 
120 
Am8226 


VOL1 
Output 
LOW Voltage 
DO Outputs 
10L ~ 15mA 
0.3 
0.45 
Volts 


DB Outputs 
10L = 25mA 


VOL2 
Output 
LOW Voltage 
DB Outputs 
10L = 45mA 
0.5 
0.6 
Volts 


I 10H ~ -o.5mA 
3.4 
4.0 
VOHl 
Output 
HIGH 
Voltage 
DO Outputs 
I 10H = -2.0mA 


Volts 


2.4 


VOH2 
Output 
HIGH 
VOltage 
DB Outputs 
10H ~ -5.0mA 
2.4 
3.0 
Volts 


DO Outputs", 
OV, VCC ~ 5.0V 
-15 
-35 
-65 


105 
Output 
Short Circuit 
Current 
mA 


DB Outputs 
= OV, VCC ~ 5.0V 
-30 
-75 
-120 


tpDl 
Input 
to Output 
Delay DO Outputs 
CL ~ 30pF, 
Rl 
= 300n, 
R2 ~ 600n 
15 
25 
ns 


Am3216. 
Am8216 
20 
33 


tpD2 
Input 
to Output 
Delay DB Outputs 
CL ~ 300pF. 
Rl 
= 90n. 
R2 = 180n 
ns 


Am3226. 
Am8226 
16 
25 


Am3216 
Note 3 
45 
75 


tE 
Output 
Enable Time 
Am8216 
Note 2 
45 
75 
ns 


Am3226. 
Am8226 
Note 3 
35 
62 


Am3216. 
Am8216 
20 
40 
to 
Output 
Disable Time 
Note 4 
ns 
Am3226. 
Am8226 
16 
38 


Am3216, Am3226, Am8216 AND Am8226 COMMERCIAL 
ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
(Doc to +70°C) 


The following 
conditions 
apply 
unless otherwise 
specified: 


03216,08216, 
03226, 
08226, P3216, P8216, P3226, P8226 ICOM'L) 


IFl 
Input 
Load Current 
DIEN, 
CS 
VF = 0.45 
-0.15 
-0.5 
mA 


IF2 
Input 
Load Current 
All Other 
Inputs 
VF = 0.45 
-0.08 
-0.25 
mA 


IRl 
I nput Leakage 
Current 
01 EN, CS 
VR = 5.25V 
20 
IJ.A 


IR2 
Input 
Leakage Current 
01 InpLits 
VR = 5.25V 
10 
JJ.A 


Vc 
Input 
Forward 
VOltage Clamp 
IC = -5.0mA 
-1.0 
Volts 


VIL 
I nput 
LOW Voltage 
0.95 
Volts 


VIH 
Input 
HIGH 
Voltage 
2.0 
Volts 


Output 
Leakge 
Current 
DO 
Vo = 0.45V/5.5V 
20 


1101 
(Three-State) 
IJ.A 


DB 
100 


Am3216, 
Am8216 
95 
130 
ICC 
Power Supply 
Current 
mA 
Am3226, 
Am8226 
85 
120 


VOLl 
Output 
LOW Voltage 
DB Outputs 
10L = 15mA 
0.3 
0.45 
Volts 
DB Outputs 
10L = 25mA 


Am3216, 
Am8216 
DB Outputs 
10L = 55mA 
0.5 
0.6 
VOL2 
Output 
LOW Voltage 
Volts 
Am3226, 
Am8226 
DB Outputs 
10L = 50mA 
0.5 
0.6 


VOHl 
Output 
HIGH 
Voltage 
DO Outputs 
10H = -1.0mA 
COM'L 
3.65 
4.0 
Volts 


VOH2 
Output 
HIGH 
Voltage 
DB Outputs 
10H = -10mA 
2.4 
3.0 
Volts 


DO Outputs", 
OV 
-15 
-35 
-65 
10S 
Output 
Short 
Circuit 
Current 
mA 


DB Outputs 
VCC = 5.0V 
-30 
-75 
-120 


tpDl 
Input 
to Output 
Delay DO Outputs 
CL = 30pF, 
Rl 
= 3001'1, R2 = 6001'1 
15 
25 
ns 


Am3216, 
Am8216 
20 
30 
tpD2 
I nput 
to Output 
Delay DB Outputs 
CL = 300pF, 
Rl 
= 901'1, R2 = 1801'1 
ns 
Am3226, 
Am8226 
16 
25 


Am3216 
Note 3 
45 
65 


tE 
Output 
Enable 
Time 
Am8216 
Note 2 
45 
65 
ns 


Am3226, 
Am8226 
Note 3 
35 
54 


tD 
Output 
Disable 
Time 
Note 4 
20 
35 
ns 


Input 
pulse amplitude 
of 2.5V. 


Input 
rise and fall times of 5.0ns 
between 
1.0 and 2.0 volts. 


Output 
loading 
is 5.0 mA and 10 pF. 


Speed measurements 
are made at 1.5V levels. 


Am3216/3226/8216/8226 


CAPACITANCE 
(Note 5) 
Parameters 
Description 
Typ. 


(Note 
1) 


CIN 
Input Capacitance 
4.0 
8.0 
pF 


COUT1 
Output Capacitance 
VSIAS 
= 2.5V, 
VCC ~ 5.0V 
6.0 
10 
pF 
T A = 25°C. 
f ~ 1.0MHz 


13 
18 
pF 
Coun 
Output Capacitance 


Notes: 
1. Typical 
values are for T A = 25° C, VCC = 5.0 v. 
2. 
DO outputs. 
CL ~ 30 pF. R1 ~ 300/1 Okn. 
R2 ~ 180/1.0 kn; 
DB outputs. 
CL ~ 300pF, 
R1 = 90/1 Okn, 
R2 = 180/1.0kn. 


3. 
DO outputs, 
CL ~ 30pF, 
R1 = 300/10 kn, 
R2 = 600/1.0 
kn; 
DB outputs, 
CL ~ 300pF, 
R1 = 90/10 kn, 
R2 = 180/1 .Okn. 


4. 
DO outputs, 
CL 
= 5.0pF. 
A 1 = 300/1 OkS?, R2 = GOO/l.OkS?; DB outputs, 
CL 
= 5.0pF, 
R, 
= 90/10kn, 
R2 = 1SO/100 kn. 


5. 
This 
parameter 
is pe~jodically 
sampled 
and 
not 
100% 
tested. 


INPUTS 
~¥ 
'_5V 
_ 
~tP0--l 


OUTPUT 
..,v 15V 
I 
ENABLE 
A 
~tE=:l 


OUTPUTS 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 
__ *'5V 


¥,_.5V 
_ 


~'O~ 
O,V 


t 
VOH 


~~ 
I 
VOL 


8216 
8226 
DIEN 
CS 
DB 
DO 
DB 
DO 


L 
L 
DI = DB 
DI 
Z 
5i 
z 


H 
L 
DB = DO 
Z 
DB 
Z 
DB 


L 
H 
Z 
Z 
Z 
Z 


H 
H 
Z 
Z 
Z 
Z 


Am3216 
Am8216 
Am3226 
Am8226 


DATA 
OUTPUT 
000 


81-DIR~;T~~~~C 
DBa 
3 


DATA 
OUTPUT 
000 


Bl-DIR~C~I~~~C 
oBO 


14 
003 
DATA 
OUTPUT 


13 
DB) ~IA6~R~~~IONAL 


14 
003 
DATA 
OUTPUT 


13 
083 
~~6IAR~~~IONAL 


DATA OUTPUT 001 
S 


BI-OIR~;;I~~~C 
081 
6 


DATA OUTPUT 001 
" 


BI.DIR~;T~~~~C 
081 
6 


11 
OOz OAT A OUTPUT 


10 
DB] ~~6IAR~~~IONAl 


11 
002 
DATA OUTPUT 


10 
DB2 ~;'61~~g~IONAL 


Am 3448A 
IEEE-488 Quad Bidirectional Transceiver 


• 
Four independent driver/receiver pairs 


• Three-state outputs 
• 
High impedance inputs 
• 
Receiver hysteresis - 600mV (Typ.) 
• 
Fast Propagation Times - 50-20ns (Typ.) 
• 
TIL compatible receiver outputs 


• 
Single +5 volt supply 


• 
Open collector driver output option with internal passive 
pull up 
• 
Power up/power down protection (No invalid information 
transmitted to bus) 
• 
No bus loading when power is removed from device 


• 
Required termination characteristics provided 


• Advanced Schottky processing 
• 
100% product assurance screening to MIL-STD-883 
requirements 


GENERAL DESCRIPTION 


The Am3448A is a quad bidirectional transceiver meeting the 
requirement 
of IEEE-488 standard 
digital 
interlace 
for pro- 


grammable instrumentation for the driver, receiver, and com- 
posite device load. One pull-up enable input is provided for 
each pair of transceivers which controls the operating mode of 
the driver outputs as either an open collector or active pull-up 
configuration. 


The receivers feature input hysteresis for improved noise im- 
munity in system applications. The device bus (receiver input) 
changes from standard bus loading to a high impedance load 
when power is removed. In addition no spurious noise is gen- 
erated on the bus during power-up or power-down. 


SENDI 
SENDI 


RECEIVE 
A 
RECEIVE 
C 


PUlL·UP 
PUlL·UP 


ENABLE 
ENABLE 


SENDI 
SENDI 


RECEIVE 
B 
RECEIVE 
0 


SEND/REC. 
Vcc 


INPUT 
A 


Package 
Temperature 
Order 
DATA 
A 
SEND/REC. 


Type 
Range 
Number 


INPUT 
D 


SUSA 
DATA 0 
Hermetic DIP 
O°Cto +70°C 
MC3448AL 
PULL·UP 
ENABLE 
8U$0 
Molded DIP 
O°Cto +70°C 
MC3448AP 
INPUT 
A-B 


PULL-UP 
ENABLE 


Dice 
O°Cto +70°C 
AM3448AX 
BUS 
B 
INPUT 
C-D 


DATA 
B 
BUSC 


SEND/REG. 
DATA 
C 
INPUT 
B 


OND 
SEND/REC. 
INPUT 
C 


CONNECTION DIAGRAM 


Top View 


ABSOLUTE 
MAXIMUM 
RATINGS 
above 
which 
the useful 
life may 
be impaired 


Storage 
Temperature 


Supply 
Voltage 


Input 
Voltage 


Driver 
Output 
Current 


-65°C to +150°C 


l.OV 


5.5V 


150mA 


ELECTRICAL 
CHARACTERISTICS 
The following 
conditions 
apply 
unless 
otherwise 
noted: 


Am3448A 
TA = O°Cto 70°C 
VCC MIN. = 4.75V 
VCC MAX. = 5.25V 


DC ELECTRICAL 
CHARACTERISTICS 
over operating 
temperature 
range 


Typ. 
Min. 
(Note 1) 
Max. 
Units 


Bus Characteristics 


VIBUS) 
Bus Pin Open, VIIS/R) = 0.8V 
2.75 
- 
3.7 
Bus Voltage 
Volts 


VICIBUS) 
IIBUS) = -12mA 
- 
- 
-1.5 


5.OV'" 
VIBUS) '" 5.5V 
0.7 
- 
2.5 


IIBUS) 
Bus Current 
VI BUS) = 0.5V 
-1.3 
- 
-3.2 
mA 


Vcc = OV, OV '" VIBUS) '" 2.75V 
- 
- 
0.04 


Driver Characteristics 


VICID) 
Driver Input Clamp Voltage 
VIIS/R) = 2.0V, (ICID) = -18mA 
- 
- 
-1.5 
Volts 


VOHID) 
Driver Output Voltage - High Logic State 
VIIS/R) ~ 2.0V, VIHID) ~ 2.0V, 
2.5 
- 
- 
Volts 
VIHIE) = 2.0V, 10H = -5.2mA 


VOlID) 
Driver Output Voltage - 
Low Logic State 
VIIS/R) = 2.0V, 10l1D) = 48mA 
- 
- 
0.5 
Volts 


10s(O) 
Output Short Circuit Current 
VIIS/R) = 2.0V, VI HID) ~ 2.0V 
-30 
- 
-120 
mA 
VI HIE) = 2.0V 


VIHID) 
Driver Input Voltage - High Logic State 
VIIS/R) ~ 2.0V 
2.0 
- 
- 
Volts 


VllID) 
Driver Input Voltage - 
Low Logic State 
VIIS/R) = 2.0V 
- 
- 
0.8 
Volts 


IIID) 
I 
0.5'" 
VIID) '" 2.7V 
-200 
- 
40 


IIBID) 


Driver Input Current - Data Pins 
VIIS/R) = VilE) = 2.0V 
I 
VIID) = 5.5V 
200 


p.A 
- 
- 


Receiver Characteristics 


VHYSIR) 
Receiver Input Hysteresis 
VIIS/R) ~ 0.8V 
400 
600 
- 
mV 


VllHIR) 
VIIS/R) ~ 0.8V, Low to High 
- 
1.6 
1.8 
Receiver Input Threshold 
Volts 
VIHlIR) 
VIIS/R) ~ 0.8V, High to Low 
0.8 
1.0 
- 


VOHIR) 
Receiver Output Voltage - 
High Logic State 
VIIS/R) = 0.8V, 10HIR) = -8oop.A, 
2.7 
- 
- 
Volts 


VIBUS) = 2.0V 


VOlIR) 
Receiver Output Voltage - 
Low Logic State 
VIIS/R) = 0.8V, 10l1R) = 16mA, VIBUS) ~ 0.8V 
- 
- 
0.5 
Volts 


10SIR) 
Receiver Output Short Circuit Current 
VIIS/R) ~ 0.8V, VIBUS) = 2.0V 
-15 
- 
-75 
mA 


Enable, Send/Receive Characteristics 


IIIS/R) 
0.5'" 
VIIS/R) '" 2.7V 
-100 
- 
20 


IIBIS/R) 


Input Current - 
Send/Receive 
VIIS/R) ~ 5.5V 
p.A 
- 
- 
100 


IIIE) 
0.5'" 
VilE) '" 2.7V 
-200 
- 
20 


IIBIE) 


Input Current - 
Enable 


VilE) = 5.5V 


p.A 
- 
- 
100 


Power Supply Current 


ICCL 
Listening Mode - All Receivers On 
- 
63 
85 


Power Supply Current 


I 


mA 
ICCH 
Talking Mode - All Drivers On 
- 
106 
125 


Am3448A 


SWITCHING 
CHARACTERISTICS 
(Vcc 
= 5.0V. TA = 25°C unless otherwise noted) 


tpLHID) 
Outpul Low 10 High 
- 
15 


Propagalion Delay 01 Driver (Fig. 2) 
ns 
tpHLID) 
Outpul High 10 Low 
17 


IpLHIR) 
Outpul Low 10 High 
- 
25 
Propagalion Delay 01 Receiver (Fig. 1) 
ns 
tPHLIR) 
Outpul High 10 Low 
- 
23 


IpHZIRI 
Logic High to Third Stale 
- 
30 


IpZHIR) 
Propagalion 
Delay Time - Send/Receiver 
10 Data 
Third State to Logic High 
- 
30 
ns 
tpLZ1R) 
(Fig. 4) 
Logic Low 10 Third Slate 
- 
30 


IpZLIR) 
Third Stale to Logic Low 
30 


IpHZID) 
Logic High 10 Third Slate 
- 
30 


tPZHIDI 
Propagation Delay Time - Send/Receiver 
10 Bus 
Third Stale to Logic High 
- 
30 


(Fig. 3) 
ns 
IpLZIDI 
Logic Low 10 Third Slale 
- 
30 


IpZLID) 
Third Slate 10 Logic Low 
30 


tpOFFIEI 
Pull-Up Enable to Open Collector 
- 
30 
Turn-On Time - Enable 10 Bus (Fig. 5) 
ns 
tpONIE) 
Open Collector 10 Pull-Up Enable 
- 
20 


Send/Rec. 
Enable 
Into Flow 
Comments 


0 
x 
Bus ....•Dala 


1 
1 
Data ....•Bus 
Aclive Pull-Up 


1 
0 
Data ....•Bus 
Open Colleclor 


~---------_,----- 
3.0V 


INPUT 
~ 
\1 
1.5V 
OV 
j 
I- 'PLHeRI 
- 
1- tpHLCR) 
Ir 
---- 
VOH 


1.5V 


1 = 1.0MHz 
ITLH = ITHL "" 5.0ns (10-90%) 
Duly Cycle = 50% 


~ 
~ 


3.0V 


DRIVER 
INPUT 
1.5V 
1.5V 


'MOl -I 1- 
-I 1- 'PHL~~' 


OUTPUT 
/-2-.o-v-------'L- 
V 


OH 


O.BV 


----~ 
VOL 


1 = 1.0MHz 
tTLH = ITHL "" 5.0ns (10-90%) 
Duty Cycle = 50% 


_____ 
3.0V 


INPUT \_,_.5_V 
I._ 
1.5V 


l 
ZL 


TO SCOPE 
(INPUT) 


f ~ 1.0MHz 
tTLH = tTHL '" 5.0ns (10-90%) 
Duty Cycle = 50% 


~--------~----- 
3.0V 


INPUT -i 
1.5V 
'\. 
1.5V 


ZHI 


3K 


f ~ 1.0MHz 
tTLH ~ tTHL '" 5.0ns (10-90%) 
Duty Cycle ~ 50% 


3.0V 
TO SCOPE 
(OUTPUT) 


INPUT 
~15V 
L 


3 


. 


0V 


ENABLE 
DATA 
BUS 


1.5V 


lpONIE' j 
I-- 
I 
OV 


SEND! 
-- 
I-- 
tpOFFlE) 


TO SCOPE 
REC. 
CL 
480 


lo:OV 
e 


VOH 


(INPUT) 
OUTPUT 
90'> 


Voc 


5' 


f = 1.0MHz 
tTLH = tTHL '" 5.0ns (10-90%) 
Duty Cycle = 50% 


Am3448A 


TYPICAL RECEIVER HYSTERESIS 


CHARACTERISTICS 


'" 


5.0 
I- 
vee = 5.0V 
..J 
TA 
25"C 
0> 
4.0 


I 


w 
" 
3.0 
":; 
0> 
2.0 
I- 
::>.. 
I- 
1.0 
::>0 
? 
0 
0 
0.5 
1.0 
1.5 
2.0 


VI' 
INPUT 
VOLTAGE 
- 
VOLTS 


I 


6.0r-r---o--r--r-r--r-.,..-r-nl 
In 


c( 
4.0 
E 
2.0 
-IJ 


I 
J 
-1== 
!Z 
0 
_..J 
~ -2.0 
~ -4.0 
~ -6.0 f-f-ft-I-+f+f-Hf-f-H 
~ -8.0 f-f-H-H-I+-f-f-f-f-H 


~ -10 f-f-ft-I-+f+f-f-f-f-H 


.!!I -12 f-f-ft-I-+f+f-f-f-f-H 


-14 '--'--LL..L...LL..J...'--'--'--'--L......J 


-4.0 
-2.0 
0 
2.0 
4.0 
6.0 


VBUS' 
BUS 
VOLTAGE 
- 
VOLTS 


INSTRUMENT 
A 


(WITH 
GP·IB) 
----- 


------ 


PROGRAMMABLE 


CALCULATOR 
(WITH 
GP·IS) 


INSTRUMENT 
B 


(WITH 
GP·IS) 
------ 


Am54S/74S240 
•Am54S/74S241 
Am54S/74S242 
•Am54S/74S243 
Am54S/74S244 


DISTINCTIVE CHARACTERISTICS 


• Three-state outputs drive bus lines directly 
• Advanced Schottky processing 
• Hysteresis at inputs improve noise margin 
• PNP inputs reduce D.C. loading on bus lines 
• VOLof 0.55V at 64mA for Am74S; 48mA for Am54S 
• Data-to-output propagation delay times: 


Inverting - 7.0ns MAX 
Non-inverting 
- 9.0ns MAX 
• 
Enable-to-output - 15.0ns MAX 
• 
100% reliability assurance testing in compliance with 
MIL-STD-883 
• 20 pin hermetic and molded DIP packages for Am54S/ 
74S240, Am54S174S241,and Am54S174S244 


FUNCTIONAL DESCRIPTION 


These buffers/line drivers, used as memory-address drivers, 
clock drivers, and bus oriented transmitters/receivers, 
pro- 


vide improved PC board density. The outputs of the com- 
mercial temperature 
range versions have 64mA sink and 


15mA source capability, which can be used to drive termi- 
nated lines down to 133ft The outputs of the military tem- 
perature range versions have 48mA sink and 12mA source 
current capability. 


Featuring 0.2V minimum 
guaranteed 
hysteresis 
at each 


low-current 
PNP data input, they provide improved 
noise 
rejection and high-fan-out outputs to restore Schottky TIL 
levels completely. 


The Am54S/74S240, Am54S174S241 and Am54S/74S244 
have four buffers which are enabled from one common line, 
and the other four buffers are enabled from another common 
line. 
The Am54S174S240 is inverting, 
while the Am54S/ 


74S241 and Am54SI74S244 present true data at the outputs. 


The Am54S174S242and Am54S174S243have the two 4-line 
data paths connected input-to-output 
on both sides to form 


an asynchronous 
transceiver/buffer 
with 
complementing 


enable inputs. The Am54S174S242 is inverting, 
while the 


Am54S174S243presents non-inverting 
data at the outputs. 


CONNECTION DIAGRAMS 
Top Views 


Am54S/74S240 
Am54S/74S241 
Am54S/74S242 
Am54S/74S243 
Am54S/74S244 


fG 
VCC 
IG 
VCC 
iG 
VCC 
fG 
fG 
VCC 


'A' 
2G 
'A' 
2G 
NC 
2G 
NC 
2G 
'A' 
2G 


2Y4 
'Y' 
2Y4 
,Y' 
fliJY 
NC 
lAIY 
2Y4 
'Y' 


'A2 
2A4 
'A2 
2A4 
2A/Y 
8A/Y 
2AIY 
'A2 
2A4 


2Y3 
,Y2 
2Y3 
,Y2 
3AJY 
7A/Y 
3A!Y 
2Y3 
'Y2 


'A3 
2A3 
'A3 
2A3 
4AIY 
6AIY 
4A!Y 
'A3 
2A3 


2Y2 
,Y3 
2Y2 
,Y3 
GND 
5A/Y 
GND 
2Y2 
lV3 


'A4 
2A2 
'A4 
2A2 
MPR-357 
MPR-358 
'A4 
2A2 


2Y' 
'Y4 
2Y' 
,Y4 
2Y' 
'Y4 


GND 
2A' 
GND 
2A' 
GND 
2A' 


Note: 
Pin 1 is marked 
for 
orientation. 


MPR-355 
MPR-356 
MPR-359 


ORDERING INFORMATION 


Package 
Temperature 
Order Number 


Type 
Range 
Am54S/74S240 
Am54S/74S241 Am54S/74S242 
Am54S/74S243 
Am54S/74S244 


Hermetic 
-55°C to +125°C 
SN54S240J 
SN54S241J 
SN54S242J 
SN54S243J 
SN54S244J 
Dice 
-55°C to +125°C 
AM54S240X 
AM54S241X 
AM54S242X 
AM54S243X 
AM54S244X 
Hermetic 
O°Cto +70°C 
SN74S240J 
SN74S241J 
SN74S242J 
SN74S243J 
SN74S244J 
Molded 
O°Cto +70°C 
SN74S240N 
SN74S241N 
SN74S244N 
Dice 
O°Cto +70°C 
AM74S240X 
AM74S241X 
AM74S242X 
AM74S243X 
AM74S244X 


Am545/745240/241/242/243/244 


lOGIC 
DIAGRAMS 


Am54S!74S240 
Am54S!7 
4S241 
Am54S!74S244 


'A' 
,Yl 
2A' 
2Y' 
lA' 
'Y' 
2AI 
2Y' 
'A' 
2A' 
2Y' 


'A2 
,Y2 
2A2 
2Y2 
'A2 
'Y2 
2A2 
2Y2 
'A2 
,Y2 
2A2 
2Y2 


lA' 
'Y' 
2A' 
2Y' 
'A' 
lY' 
2A' 
2Y, 
'A' 
'Y' 
2A' 
2Y3 


IA4 
'Y4 
2A< 
2Y4 
lA< 
IY4 
2A4 
2Y4 
'A< 
2A4 
2Y4 


fG 
2G 
fG 
2G 
fG 
2G 


UC·461 
L1C-462 
UC-463 


MAXIMUM RATINGS above which the useful life may be impaired 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current 


DC Input Current 


-65°C 
to +150°C 


_55°C to +125°C 


-O.5V to +7.0V 


-O.5V to +VCC max. 


-O.5V to +7.0V 


150mA 


-30m A to +5.0mA 


ELECTRICAL 
CHARACTERISTICS 


The Following 
Conditions 
Apply 
Unless Otherwise 
Noted: 


T A"'" 
_55°C 
to +125°C 


T A"'" OOC to 
+70oC 


VCC(MIN.) 
= 4.5QV 


VCC(MIN.) 
= 4.75V 


VCC(MAX.) 
= 5.5QV 


VCC(MAX.1 
= 5.25V 


Typ. 


(Note 
2) 


VIH 
High-Level 
Input 
Voltage 
2.0 
Volts 


VIL 
Low-Level 
Input 
Voltage 
0.8 
Volts 


VIK 
Input Clamp Voltage 
VCC = MIN., 
II = -18mA 
-1.2 
Volts 


Hysteresis 
(VT+ 
- 
VT_I 
VCC = MIN. 
0.2 
0.4 
Volts 


VCC = MIN. 
COM'L, 
10H =-lmA 
2.7 


VIL 
=0.8V 
10H =-3mA 
2.4 
3.4 
VOH 
High-Level 
Output 
Voltage 
Volts 
VCC = MIN. 
MIL, 
10H = -12mA 
2.0 


VIL=0.5V 
COM'L, 
10H = -15mA 
2.0 


VCC = MIN. 
MIL, 
10L =48mA 
0.55 


VOL 
Low-Level 
Output 
Voltage 
VIL 
=0.8V 


Volts 


COM'L, 
10L = 64mA 
0.55 


'5240, 


'5241, 
50 


10ZH 
Off-State 
Output 
Current, 
Vo 
= 2.4V 
'5244 


High·Level 
Voltage 
Applied 


VCC = MAX. 
'5242, 
100 
'5243 
VIH 
= 2.0V 
pA 


VIL=0.8V 
'5240, 
'5241, 
-50 


10ZL 


Off-State 
Output 
Current, 
Vo 
= 0.5V 
'5244 


Low-Level 
Voltage 
Applied 


'5242, 
-500 
'5243 


II 


Input 
Current 
at Maximum 
VCC = MAX., 
VI = 5.5V 
1.0 
mA 
Input Voltage 


IIH 
High-Level 
Input 
Current •.Any 
Input 
VCC = MAX., 
VIH 
= 2.7V 
50 
pA 


Any 
A 


VCC = MAX., 
VIL 
=0.5V 
-400 
pA 


IlL 
Low-Level Input Current 
Any 
G 
-2.0 
mA 


105 
Short-Circuit 
Output 
Current 
(Note 3) 
VCC = MAX. 
-50 
-225 
mA 


All Outputs 
MIL 
80 
123 


HIGH 
COM'L 
80 
135 


Am5451745240 
All Outputs 
VCC = MAX. 
MIL 
100 
145 
mA 


Am5451745242 
LOW 
Outputs 
open 
COM'L 
100 
150 


MIL 
100 
145 


Outputs 
at 
Hi·Z 


ICC 
Supply 
Current 
COM'L 
100 
150 


All Outputs 
MIL 
95 
147 


HIGH 
COM'L 
95 
160 


Am5451745241 
All Outputs 
VCC = MAX. 
MIL 
120 
170 
Am5451745243 
mA 


Am5451745244 


LOW 
Outputs 
open 
COM'L 
120 
180 


MIL 
120 
170 
Outputs 
at 
Hi·Z 
COM'L 
120 
180 


Notes: 
1. 
For conditions 
shown as MIN. 
or MAX., 
use the appropriate 
value specified 
under recommended 
operating 
conditions. 


2. 
All typical 
values are VCC = 5.0V, 
TA = 25° C. 


3. 
Not 
more than one output 
should 
be shorted 
at a time, 
and duration 
of the short-circuit 
should 
not exceed one second. 


Am54S/74S240/242 
Am54S/74S241/243/244 


Min. 
Typ. 
Max. 
Min. 
Typ, 
Max. 
Units 


tPLH 


Propagation 
Delay Time, 


4.5 
7.0 
6.0 
9.0 
Low-to-High-Level 
Output 
ns 


tPHL 
Propagation 
Delay Time, 


4.5 
7.0 
6.0 
9.0 
ns 
High-to-Low-LeveIOutput 
CL = 50pF, 
RL = 90n 
(Note 
31 


tZL 
Output 
Enable Time 
to Low 
Level 
10 
15 
10 
15 
ns 


tZH 
Output 
Enable Time 
to High Level 
6.5 
10 
8.0 
12 
ns 


tLZ 
Output 
Disable Time 
from 
Low 
Level 
10 
15 
10 
15 
ns 


Output 
Disable Time 
from 
High Level 
CL = 5.0pF, 
RL = 90n 
(Note 
3) 


tHZ 
6.0 
9.0 
6.0 
9.0 
ns 


LOAD 
CIRCUIT 
FOR 
THREE-STATE 
OUTPUTS 
VOLTAGE 
WAVEFORMS 
ENABLE 
AND 
DISABLE 
TIMES. 
THREE-STATE 
OUTPUTS 


OUTPUT 
_----- 
3V 


CONTROL 
~ 
r-4 
llOW 
LEVEL 
L3V 
( 
I 
1.3V 


ENABLlNGl 
I"-------_.. 
. ------ 
OV 


rlZli 
ILZ 


WAVEFORM 
I 
L:'CLOSEO 
-,--- 
>::45V 
51 & 52 
_ 


52 OPEN 
1.3V 
\ 
ICLOSE~ 
15V 


~~VOL 


'ZHlp( 
'HZ I 
~To~v 
V 


51 OPEN 
1.3V 
151 & 52:-T 
'"~,;V 
52 CLOSED. 
>tOV 
CLOSED 


Notes: 
1. 
Waveform 
1 is for 
an output 
with 
internal 
conditions 
such that 
the output 
is low 
except 
when 
disabled 
by the output 
control. 


2. 
Waveform 
2 is for 
an output 
with 
internal 
conditions 
such that 
the output 
is high except 
when 
disabled 
by the output 
control. 


3. 
In the examples 
above, 
the phase relationships 
between 
inputs 
and 
outputs 
have been 
chosen 
arbitrarily. 
PR R .;; 1.0MHz, 
ZOUT 
:::;:son 
and 
tr " 2.5ns, 
If '" 2.5ns. 


Am54S17 4S241 


Am54S174S243 


INPUTS 
OUTPUTS 


lG 
2G 
A 
Y 


H 
L 
X 
Z 


L 
H 
L 
H 


L 
H 
H 
L 


INPUTS 
OUTPUT 


G 
A 
Y 


H 
X 
Z 


L 
H 
L 


L 
L 
H 


INPUTS 
OUTPUTS 


1G 
2G 
A 
Y 


H 
L 
X 
Z 


L 
H 
H 
H 


L 
H 
L 
L 


INPUTS 
OUTPUT 


G 
A 


H 
X 
Z 


L 
H 
H 


L 
L 
L 


2.9V----n------E!t---H----fi----H 
16V_. 
__ 
. __ 
__._ 
__ 
__ 
_ 
__ 
__ 
__ 
_ 
_ 
~.~~~~ 
-==- --=~-~=-~-=---~-=- 
::=--.~--~=- 


INPUT 
OUTPUT 
INPUT 
OUTPUT 
INPUT 
OUTPUT 
INPUT 
OUTPUT 
INPUT 
OUTPUT 


'S240 
USED AS SYSTEM 
AND/OR 
MEMORY 
BUS DRIVER 
- 


4-BIT 
ORGANIZATION 
CAN BE APPLIED 
TO HANDLE 
BINARY 
OR BCD 


OUTPUT 
{ 
CONTROL 


INDEPENDENT 
4-BIT 
BUS 
DRIVERS!RECEIVERS 
IN A SINGLE 
PACKAGE 


G 
) OUTPUT 
PORT 
CONTROL 


G 
)INPUr.PORT 
CONTROL 


Am54S/74S240 


Am54S/74S241 


Am54S/74S244 


vcc 


20 
iG, 
ZG.(ZGl 


lA12 


'8 
,V, 


2V4 
3 


17 
2A4 


lA24 


2V3 
5 
,. 'V2 


'5 
2A' 


lA3 
6 


2Y2 
7 
,. lV' 


13 2A2 


lA4 
8 


12 
lY4 


2Yl 
9 
11 2Al 
'0 


GND 


DIE SIZE o.on" 
X 0.124" 


PARTY-LINE 
BUS SYSTEM 
WITH 
MULTIPLE 
INPUTS, 
OUTPUTS, 
AND 
RECEIVERS 


TO Oll-IER 
BUFFERS 


OUTPUT B 


TO OTHER 
BUFFERS 


OUTPUT 
A 


~ 


8US 
CONTROL 


H 


H 
l 
l 
H 


RECEIVERS 


INPUT 
OUTPUT 
----- 
8 
A 


8 
8 


A 
8 


A 
A 


NONE 
NONE 


8US 


CONTROL 


l 
l 
H 
l 
H 
H 
l 
H 
l 
H 


Am54S/74S242 


Am54S!74S243 


Am55/75107B· Am55/75108B 


• 
Input sensitivity 
3mV typical 


• 
Common 
mode range of ±3V 


• 
Common 
mode 
range of 
more 
than 
±15V 
using ex- 


terna I attenuator 


• 
TTL 
compatible 
output 


• 
High common 
mode rejection 
ratio 


• 
Blocking 
diodes provide 
high input 
impedance 


• 
Strobe and gate inputs 
for flexibility 


• 
100% reliability 
assurance testing 
in compliance 
with 
MI L-STD-883 


The 
Am55/75107B 
and 
Am55/75108B 
are high speed 
dual 


line receivers 
designed 
for use as data 
receivers 
in balanced, 
unbalanced 
or party-line 
transmission 
systems. 
The two 
line 
receivers in each package share the common 
voltage and ground 


busses. The Am55175107B 
has a standard 
active pull-up totem- 


pole 
output 
while the 
Am55175108B 
has an open 
collector 


output 
for bus organized 
systems. 


Each 
receiver 
has a 
high 
impedance 
differential 
input 
for 


minimum 
transmission 
line loading. The differential 
inputs 
of 


the 
Am55175107B 
and Am55175108B 
are designed 
to detect 


input signals of 25mV or greater 
and provide TTL compatible 
outputs. 


SCHEMATIC 
DIAGRAM 
(One Receiver Shown) 


All devices 
contain 
blocking 
diodes 
in the 
input 
differential 
transistor 
pair collectors 
to provide 
high input 
impedance 
in 


the power-off condition. 
The SN55/751 07 A and SN551751 08A 


are identical 
devices except 
for these input 
protection 
diodes. 


Each receiver 
has a separate 
gate input, 
G. When the gate is 


LOW, the output 
is HIGH regardless 
of the other 
inputs. 
The 


device also has a common 
strobe, 
S, which can be used to gate 


both 
receivers 
simultaneously. 
When the strobe 
is LOW. the 
output 
is HIGH regardless of the other inputs. 


Notes: 
1. 
Components 
shown 
with 
dashed 
lines are applicable 
to the 
Am55/751 
078 


2. RI :::1kn for Am55/751 078 and 750n for Am55/751 088 


3. 
D1 
and 
02 
are the 
input 
protection 
diodes. 


Package 
Type 


.d DIP 


'c DIP\ '" 


Temperature 


Range 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
-55°C 
to +125°C 
-55°C 
to +125°C 


Am55/ 
75107B 
Order 
Number 


Am55/ 
75108B 
Order 
Number 


SN75107BN 
SN75107BJ 
AM75107BX 
SN55107BJ 
AM55107BX 


SN75108BN 
SN75108BJ 
AM75108BX 
SN55108BJ 
AM55107BX 


Vcc- 
== Pin 13 


VCC+ 
::: Pin 
14 


GND 
== Pin 
7 


CONNECTION 
DIAGRAM 


Top View 


MAXIMUM 
RATINGS 
(Above which the usefullife 
may be impaired). 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Positive Supply Voltage VCC+ to Ground Potential Continuous 


Negative Supply Voltage VCC- to Ground Potential Continuous 


DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage - 
Strobe 


Differential 
Input Voltage 


Common Mode Input Voltage (with Respect to GND Terminal) 


Any Differential 
Input to Ground 


-65°C 
to +150°C 


-55°C 
to +125°C 


+7.0V 


-7.0V 


-O.5V 
to +VCC+ max. 


-O.5V 
to +5.5V 


±6.0V 


±5.0V 


-5.0V 
to +3.0V 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


The Following 
Conditions 
Apply 
Unless Otherwise Noted: 


Am75107B, 
Am75108B 
(COM'L) 
T A = oDe 
to 
70De 


Am55107B, 
Am55108B 
(MI 
L) 
T A = -5SoC 
to +12SoC 


Typ. 


(Note 
2) 


v CC+ = 5.0 V ± 5% 
VCC+ = 5.0 V ± 10% 


Vcc- 
= -5.0 
V ± 5% (COM'L) 


VCC_ 
= -5.0 
V ± 5% (MIL) 


VOH 
Output HIGH Voltage 
VCC+= MIN., VCC- = MIN. 
2.4 
Volts 
(Am55/75107BOnly) 
IOH = -400I'A. 
VIC = -3V to 3V 


VOL 
Output LOWVoltage 
VCC+ 
MIN.• VCC- = MIN. 
0.4 
Volts 
IOL = 16mA. VIC = -3V to 3V 


VIH 


Strobe or gate input 
SeeTest Table 
2.0 
Volts 
HIGH Voltage 


VIL 
Strobeor GateInput 
S~eTestTable 
0.8 
Volts 
LOWVoltage 


VIOH 
Differential 
Input 
Voltage 
SeeTestTable 
0.025 
5.0 
Volts 
lor Output HIGH 


VIOL 


Differential 
Input 
Voltage 
SeeTestTable 
-5.0 
-0.025 
Volts 
lor Output LOW 


IIH 
Input HIGH Current 
VCC+= MAX., VCC- = MAX. 
30 
75 
I'A 
into 1A or 2A 
VIO = 0.5V, VIC = -3V to 3V 


IlL 


Input 
LOW Current 
VCC+- MAX., VCC- - MAX. 
-10 
I'A 
into 1A or 2A 
VIO = -2V, VIC = -3V to 3V 


IIH 
Input HIGH 
Current 
VCC+- MAX.• VCC- - MAX. 
S 
80 
I'A 
VIH = 2.4V 
G 
40 


II 
Input HIGH Current 
VCC+- MAX., VCC- = MAX. 
S 
2 
mA 
VIH = VCC+MAX. 
G 
1 


IlL 
Input LOWCurrent 
VCC+= MAX., VCC- 
MAX. 
S 
-3.2 
mA 
VIL = 0.4V 
G 
-1.6 


HIGH LevelOutput 
VCC+= MIN., VCC- = MIN. 
IOH 
Leakage(Am55/75108B 
250 
I'A 
Only) 
VOH = VCC+MAX. 


Output 
Short 
Circuit 


ISC 
Current (Note 3) 
VCC+= MAX., VCC- = MAX. 
-18 
-70 
mA 
IAm55/75107B 
Only) 


ICCH+ 


Positive 
Power 
Supply 
VCC+= MAX., VCC- = MAX. 
18 
30 
mA 
Current 
VIO= 25mV, TA=25°C 


ICCH- 
Negative 
Power 
VCC+ 
MAX., VCC- - MAX. 
-8.4 
-15 
mA 
Supply Current 
VIO = 25mV, TA'= 25°C 


VI 
Input ClampVoltage, 
VCC+- MIN., VCC- - MIN. 
-1 
-1.5 
Volts 
Sor G 
IIN = -12mA. TA = 25°C 


Notes: 
1. 
For 
conditions 
shown 
as MIN. 
or 
MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 
2. 
Typical 
limits 
are at 
VCC+ 
= 5.0V, 
VCC- 
= -5.0V, 
T A = 2SoC 
ambient 
and 
maximum 
loading. 
3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


4. 
VIC 
= common 
mode 
voltage 
with 
respect 
to 
GND 
terminal. 
VID 
= differential 
voltage 
(VA 
- 
VB). 


Am55/751 078/1 088 


SWITCHING CHARACTERISTICS 
(T A 


tPl-H 
A and B to Output 
17 
25 
ns 


tPHL 
A and B to Output 
RL = 390.n 
17 
25 
ns 


tPLH 
G or S to Output 
CL = 50 pF 
10 
15 
ns 


tPHL 
G or S to Output 
8 
15 
ns 


tPLH 
A and B to Output 
19 
25 
ns 


tpHL 
A and B to Output 
RL = 390.n 
19 
25 
ns 


tpLH 
G or S to Output 
CL~15pF 
13 
20 
ns 


tpHL 
G or S to Output 
13 
20 
ns 


9vcc- 
-----l----l 


OUTPUT 
Am55107B 
Am75107B 
Am75207 


CL 
SOp' 


(See 
Note 
3) 


OUTPUT 
Am55108B 
Arn15108B 
Am75207 
CL 
TI'5PF 
~seeNote31 


______ 
.--------- 
200mV 
IN~UT===.J--\ 
~f--\~_::mv 
IPLH-~IPll~--,PHL-~--'P2~-f--~v 


~ 
~ 
tPLH-+----! 
tPHl-f------l 


OU~PUT ===========_-f-=======-=-~-,,,,========~f ---------~ 
~:~ 


Notes: 
1. 
The 
pulse 
generators 
have 
the 
following 
characteristics: 
Zout 
=- 50 n. 
tr = tf = 10 
± 
5 ns, tpl 
= 500 
ns, PRR 
= 1 MHz, 


tp2 = 1 ms, PRR 
= 500 
kHz. 


2. 
Strobe 
input 
pulse 
is applied 
to Strobe 
1 G when 
inputs 
1 A - 
18 
are being 
tested, 
to Strobe 
S when 
inputs 
1 A-I 
B or 


2A - 28 
are being tested. and to Strobe 2G when inputs 2A - 28 are being tested. 


3. 
CL 
includes 
probe 
and 
jig capacitance. 


PERFORMANCE 
CURVES 


Am55107B, 
Am75107B 
High- Level Input Current 
Propagation 
Delay Time 
Into 1A or 2A 
High-Logie-Level 
Supply 
Current 
Differential 
Inputs 


Versus 
Versus 
Versus 
Ambient 
Temperature 
Ambient 
Temperature 
Ambient 
Temperature 


1 100 
30 


I 


40 


I 
vcc+"'sv 
<t 


VCC+"'5V 


c 
VCC+~5V 
I- 
vcc_ --5V 
35 
~ 


vcc_",-sv 
E 
25 
I 
VCC_"'-5V 


so 
I 


I 
~ 
RL =3900 
a: 
I- 
30 
CL"" 
50 pF 
OJ 
~ 
r---f- 
>= 
u 
20 
ICC+- 
>- 
25 
I 
I- 
60 
a: 


I 
:'i 
v 
~ 
OJ 
- 
U 
w 
2Or-~ 
,,; 


~ 


'5 
I 


0 
V 
-' 
z 


w 
40 
0 
~ 
~ 
'CC__ 
>= 
'5 
iil 
'0 
r---f--- 


<t 
tpHL 


± 
-. 
I 
I 
'" 
10 


'" 
20 
- 
r 
:i: 
I 
u 
5 


I 
~ 
5 


I 
~ 


:I: 
0 
0 
0 
-75 -so -25 
0 
25 
50 
75 
100 125 
-75 
-50 
-25 
0 
25 
50 
75 
100 125 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


T A - 
AMBIENT 
TEMPERATURE 
- °c 
T A - 
AMBIENT 
TEMPERATURE 
- °c 
T A - 
AMBtENT 
TEMPERATURE 
- °c 


Am55108B, 
Am75108B 
Am55108B, 
Am75108B 
Propagation 
Delay Time 
Propagation 
Delay Time 
Low-to-High 
Level 
High-to-Low 
Level 


Recommended 
Combinations 
Differential 
Inputs 
Differential 
Inputs 


of Input 
Voltage for 
Versus 
Versus 
Line Receivers 
Ambient 
Temperature 
Ambient 
Temperature 


> 
3 


~ 


~ '20 


I 


c 
40 


1 
I 
I 
VCC+"'5V 
I 
vcc+= 
5V 
w 
2 
~ 
Vcc_ c -5V 
~ 
35 
vec_ '"-sv 
'" 
<t 
>= 
100 
CL = 15 pF 
RL;~ 
>= 
CL'" 
15 pF 
~ :~ 


>- 
v 
>- 
30 
0 
:'i 
~ 
R 
L 


=1 


3\1 


> 
so 
0 
w 
l 


25 
z 
0 
0 
;;:::, 
OJ 
z 
60 
~ 
z 
20 
0 
0 


R~ 


7" 
0 
a: 
>= 
>= 
'" 


<t 
<t 
'5 
, , 
0 
'" 
40 
'" 
R1 =\1950h 
I- 
:i: 
R)3gQl;;.... 
:i: 
<t 
-3 
V 
RL = 39000 
0 
,.., 
~ 
'0- 


°1 
I -I 


L I 
I- 
I 
g: 
I- 


-4-~ 
20° 


i? 
I 
I 


I 
5 


~ 


-' 
I 
I 
I 
,,; 
-5 
0 
§. 
0 
-5 -4 -3 -2 -1 
0 
1 
2 
3 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
-75 -50 -25 
0 
25 
50 
75 
100 125 


INPUT 
- 
B TO GROUND 
VOLTAGE 
- 
V 
T A - 
AMBIENT 
TEMPERATURE 
_ °c 
T A - 
AMBIENT 
TEMPERATURE 
- °c 


Am55107B, 
Am75107B 
Am55108B, 
Am75108B 
Propagation 
Delay Time 
Propagation 
Delay Time 
Strobe 
Inputs 
Strobe 
Inputs 
Versus 
Versus 
Ambient 
Temperature 
Ambient 
Temperature 


40 
40 


c 
35 
vCC+'" 
5 V 
~ 
35 
Vcc+=5V 


I 
VCC_=-5V 
I 
VCC_=-5V 


w 
RL =3900 
~ 
RL"'390n 


'" 
30 
CL~ 50 pF 
30 
CL ~ 15 pF 
>= 
>= 


>- 
25 


>- 
25 


~ 
:5 
I 
/ 
20 
w 
20 
0 
0 
,/ 
z 
z 
tpLH 
~ 
0 
15 
0 
15 
>= 
tpLH 
-.- 
>= 


\~"L 
<t 
- 


<t 


'" 
10 
'" 
10 
:i: 
:i: 
T 
I 
0 
5 I- tiHl 
~ 
5 
g: 
I 
I 
0 
0 
-75 -so -25 
0 
25 
50 
75 
100 125 
-75 -50 -25 
0 
25 
50 
75 
100 125 


T A - 
AMBIENT 
TEMPERATURE 
- °c 
TA - 
AMBIENT 
TEMPERATURE 
_ °c 


Note: 
Use aOc to +70°C 
temperature 
range only 
for commercial 
(Am75 
Series) devices. 


L1C·4n 


lA, 2A 
The non-inverting 
input of the line receivers. 


1B, 2B 
The inverting 
input of the line receivers. 


lV,2V 
The output 
of each line receiver. 


lG,2G 
The gate input of each line receiver. A LOW on the 
gate input force: the output 
HIGH. 


S 
The strobe 
input that 
is common 
to both 
line re- 


ceivers. 
A LOW on the 
strobe 
forces 
both 
(1V 
and 2V) outputs 
HIGH. 


Differential 
Input Voltage 
VIO = VA - VB 


Inputs 


Gate 
Strobe 


G 
S 


Output 
V 


VID;;> 
+25mV 


-25mV 
< vlD < +25mV 


VID" 
-25mV 


X 


X 


x 
X 
H 
H 
H 
H 


L 
X 
X 
L 


H 
= HIGH 
L 
=LOW 


X 
= Don't 
Care 


? 
= Don't 
Know 


Input 
Common 
Mode voltage with respect 
to 


ground 
terminal. 


Differential 
Input voltage (VA - VB). 


(All switching 
times 
are measured 
at the 
1.5V logic level 
unless otherwise 
noted.) 


tpLH 
The propagation 
delay time from an input change to 
an output 
LOW-to-HIGH transition. 


tpH L The propagation 
delay time from an input change to 


an output 
HIGH-to-LOW 
transition. 


tr 
Rise time. 
The time required 
for a signal to change 
from 10% to 90% of its measured 
values. 


It 
Fall time. 
The time 
required 
for a signal to change 
from 90% to 10% of its measured 
values. 


Vie 
(Common 


Model 


VID 
(Differen- 
tiall 


VIOH 
-3V 
to 3V 
Test 
-400jlA 
+5V 
1 
- 
- 
(Note 21 
+5V 


VIOL 
- 
- 
-3V 
to 3V 
Test 
16mA 
+5V 
+5V 
1 


IIH@A 
- 
- 
-3V 
to 3V 
+O.5V 
Open 
Open 
Open 
1 


IIL@A 
- 
3V to 3V 
2V 
Open 
Open 
Open 
1 


VOL@Y 
- 
- 
-3V 
to 3V 
-25mV 
16mA 
VIH 
VIH 
1 


VOH@.Y 
- 
- 
-3V 
to 3V 
+25mV 
-400jlA 
VIH 
VIH 
1 & 2 


VOH@Y 
- 
- 
-3V 
to 3V 
-25mV 
-400jlA 
VIL 
VIH 
1 & 2 


VOH@Y 
- 
- 
-3V 
to 3V 
-25mV 
-400jlA 
VIH 
VIL 
1 &2 


IOH@Y 
- 
- 
-3V 
to 3V 
+25mV 
VCC+MAX. 
VIH 
VIH 
1 & 3 


IOH@Y 
- 
- 
-3V 
to 3V 
25mV 
VCC+MAX. 
VIL 
VIH 
1 &3 


IOH@Y 
- 
- 
-3V 
to 3V 
-25mV 
VCC+MAX. 
VIH 
VIL 
1 &3 


IIH@1G 
+25mV 
GND 
GND 
- 
- 
Open 
VIH 
GND 
GND 
- 


IIH@2G 
GND 
+25mV 
GND 
- 
- 
Open 
GND 
VIH 
GND 
- 


IIH@S 
+25mV 
+25mV 
GND 
- 
- 
Open 
GND 
GND 
VIH 


IIL@1G 
-25mV 
GND 
GND 
- 
- 
Open 
VIL 
GND 
4.5V 
- 


IIL@2G 
GND 
-25mV 
GND 
- 
- 
Open 
GND 
VIL 
4.5V 
- 


IIL@S 
-25mV 
-25mV 
GND 
- 
- 
Open 
4.5V 
4.5V 
VIL 
- 


'S@Y 
+25mV 
GND 
- 
- 
GND 
GND 
GND 
- 


+25mV 
GND 
Open 
+5V 
+5V 


+25mV 
GND 
- 
- 
Open 
+5V 
+5V 


~n testing 
one channel, 
the inputs of the other 
channels 
are grounded. 


'=jj751 
078 
only, 


'751088 only. 


Vcc+ 
Vcc+ 


1A:&:: 


VCC_ 
1A:.:: 


VCC_ 


lB 
2A 
lB 
2A 


1Y 
4 
11 
2B 
11 
2B 
lY 
4 


lG 
5 
9 
2Y 
lG 
5 
9 
2Y 


6 
7 
B 
2G 
6 
7 
B 
2G 


GNO 
GNO 


DIE SIZE: 
0.049" 
X 0.056" 
DIE SIZE: 
0.049" 
X 0.056" 


Am55/75109 •Am55/75110 


Dual Line Drivers 


Distinctive Characteristics 
• 
Input is TTL compatible. 


• 
High common-mode output rangeof -3V 
to +10V. 
• 
Separateand common output inhibits. 


• 
Open-collector differential 
outputs for bus-organized 


systems. 


• 
100% reliability assurancetesting in compliance with 
MI L-STD-883. 


The 
Am55/75109 
and Am55/75110 
are dual 
line drivers 
characterized 
for applications 
in balanced, 
unbalanced, 
and 
party-line 
systems. 
The drivers 
provide 
a constant 
current 


output 
that 
is switched 
to either 
of the two 
differential 


output 
terminals 
under the control 
of the A and B iriputs. 


When 
A and 
B are HIGH, 
the Y output 
is HIGH and Z 
output 
is LOW 


These 
drivers 
feature 
a separate 
inhibit 
input, 
C, that 
is 
used to switch off the constant 
current 
output. 
This leaves 
the driver 
differential 
output 
in the 
high impedance 
state 
for use in bus organized 
systems. 
A LOW on the C input 


forces 
the 
driver 
to the 
OFF 
state 
by switching 
off the 
current 
source 
of the 
differential 
output 
transistor 
pair. 


Likewise, the two drivers have a common 
inhibit 
input, D, 
that forces 
both drivers to the OFF state. A LOW on the D 


inputs turns 
off the output 
current 
sources 
of both drivers 


such 
that 
both 
differential 
outputs 
are 
in 
the 
high 
impedance 
state. 


The 
driver 
outputs 
have a common 
mode 
voltage 
range 
of 
-3V 
to 
+10V. 
The 
Am55/75109 
output 
current 
is 
typically 
6mA 
while 
the 
Am55/75110 
output 
current 
is 


typically 
12mA. 


SCHEMATIC 
DIAGRAM 


(One Driver Shown) 


lOGIC f lA 


INPUTS 118 


CONNECTION 
DIAGRAM 
Top View 


1A 


Am55175109 
Am55175110 


Package 
Temperature 
Order 
Order 
,. 


Type 
Range 
Number 
Number 
1C 


Molded 
DIP 
O°C to +70°C 
SN75109N 
SN75110N 


Hermetic 
DIP 
aOc to +70°C 
SN75109J 
SN75110J 


2C 


Dice 
d'c to +70°C 
AM75109X 
AM75110X 
2A 


°metic 
DIP 
_55° 
C to +125° C 
SN55109J 
SN55110J 
f"Jice 
_55° 
C to +125° C 
AM55109X 
AM55110X 
2. 


GNO 
2Y 


Am55109 


Am75109 


R, 
4kn 


R2 
1.5kn 


RJ 
440n 
R4 
1.75kn 
RS 
2.74kH 


Am55110 


Am75110 


2.2kH 
a2an 
240n 
87SH 
1.5kH 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


VCC+ Supply 
Voltage to Ground 
Potential 


VCC- 
Supply Voltage to Ground 
Potential 


Common 
Mode DC Voltage Applied to Outputs 


DC Input Voltage 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


+7V 
-7V 


-5V 
to +12V 


-O.5V 
to +Vcc+max. 


-30mA 
to +5.0mA 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


The Following 
Conditions 
Apply Unless Otherwise 
Noted: 


Vcc+ 
MA>... 
"" 5.25V, 


Vcc+ MAX. = 5.5V. 


Vcc- 
MIN. ""-4.75v 
vcc- 
MIN. ~ -4.5V 


Vcc- 
MAX.:: 
-5.25V; 
T A = ooc to +70°C 
Vcc- 
MAX. = -5.5V: 
TA = -5SoC 
to +12SoC 


Typ. 


(Note 
2) 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
5.5 
Volts 
voltage 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
0 
0.8 
Volts 
voltage 
for all inputs 


A, B 
-3 


IlL 
Input 
Low Current 
VCC+ = MAX., 
VIN 
= OA V 
C 
-1.6 
mA 
(Note 3) 
Am55175109 
VCC- 
= MAX. 
0 
-3 


IlL 
Input 
LOW Current 
VCC+ ~ MAX., 
VIN 
~ OA V 
A, B, C 
-3 


(Note 3) 
Am55175110 
VCC- 
= MAX. 
0 
-6 
mA 


IIH 
VCC+ - MAX., 
VIN 
- 2A V 
A, B, C 
40 


(Note 
31 
Input HIGH 
Current 
VCC- 
~ MAX. 
0 
80 
IiA 


VCC+ = MAX., 
VIN 
= MAX. 
A, B,C 
1 
II 
Input 
HIGH Current 
VCC- 
= MAX. 
0 
2 
mA 


VCC+ = MAX. 
109 
7 
lo(on) 
Output Current On-5tate 
VCC- 
= MAX. 
110 
15 
mA 


VCC+ ~ MIN. 
109 
3.5 
lo(on) 
Output Current On-State 
VCC- 
~ MAX. 
110 
6.5 
mA 


VCC+ 
MIN. 


1010ff) 
Output 
Current Off-State 
VCC- 
= MIN. 
100 
IiA 


Positive 
Supply 
Current; 
A and B ~ OAV 
109 
18 
30 
ICC+1on) 
Driver 
Enabled 
C and 0 ~ 2.0V 
110 
23 
35 
mA 


Negative 
Supply 
Current; 
A and B = OAV 
109 
-18 
-30 
Icc_(on) 
Driver 
Enabled 
C and 0 = 2.0V 
110 
-50 
mA 


-34 


Positive 
Supply 
Current; 
109 
18 
ICC+(offl 
Driver 
Disabled 
All 
Inputs = OAV 
110 
21 
mA 


Negative 
Supply 
Current; 
109 
-10 


ICC_(offi 
Driver 
Disabled 
All Inputs = OAV 
110 
-17 
mA 


Notes: 
1. 
For 
~ond.iti~ns 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
~alue sp~cified 
under. 
Electrical 
.Characteristics 
for 
the 
applicable 
device 
type. 


2. 
TYPical 
limits 
are at VCC+ 
= 5.QV. 
VCC- 
= -5.QV. 
T A = 25 
C ambient 
and 
maximum 
loadmg. 


3. 
Actual.input 
currents 
= Unit 
Load 
Current 
X 
Input 
Load 
Factor 
(See 
Loading 
Rules). 


Switching 
Characteristics 
(TA = +25°C) 


Parameters 
D3scription 


tpLH 
A or B to Y or Z 
9 
15 
ns 


tPHL 
A or B to Y or Z 
VCC+ ~ 5.0 V, VCC- 
= -5.0 
V, 
9 
15 
ns 


tPLH 
Cor 
D to Y or Z 
RL ~ 50n, 
CL ~ 40pF 
16 
25 
ns 


tpHL 
Cor 
D to Y or Z 
13 
25 
ns 


- _ .. --•. 


AmSSI,1S1 )9/1.10 
I.; 
D 
Y 
Z 
Am55/ 
Am55/ 
Output 
Output 


Input/Output 
Pin No.'s 
75109 
75110 
HIGH 
LOW 
x 
x 
L 
X 
OFF 
OFF 


X 
X 
X 
L 
OFF 
OFF 
1A 
1 
1-7/8 
1-7/8 
- 
- 


L 
X 
H 
H 
ON 
OFF 
18 
2 
1-7/8 
1-7/8 
- 
- 


X 
L 
H 
H 
ON 
OFF 
1C 
3 
1 
1-7/8 
- 
- 


H 
H 
H 
H 
OFF 
ON 
2C 
4 
1 
1-7/8 
- 
- 


2A 
5 
1-7/8 
1-7/8 
- 
- 


H = 
HIGH 
28 
6 
1-7/8 
1-7/8 
- 
- 


L 
= 
LOW 
GND 
7 
- 
- 
- 
- 
ON 
= 
lolon) 
Current 
2Y 
8 
- 
- 
( 
Dift 
) 
OFF 
= 
1010ft) 
Current 


X 
= 
Don't 
Care 
2Z 
9 
- 
- 
output 
-- 


0 
10 
1-7/8 
3-3/4 
- 
- 


VCC- 
11 
- 
- 
- 
- 


1Z 
12 
- 
- 
( 
Dift 
) 


1Y 
13 
- 
- 
output 


VCC+ 
14 
- 
- 
- 
- 


A TTL 
Unit 
Load 
is defined 
as 40 itA measured at 2.4 V HIGH 
and 


-1.6mA 
measured at 0.4 V LOW. 


PERFORMANCE 
CURVES 


(Typical) 


Am551 09. Am75109 
Am55110, 
Am75110 
Am55109, 
Am75109 
Output 
Current 
Output 
Cu rrent 
Supply Current 
With Driver Enabled 
Versus 
Versus 
Versus 
I.ogic Input Voltage 
Logic Input Voltage 
Ambient 
Temperature 


16 
16 
40 
VCC+-5V 
" 
V1L=O.4V 


14 
VCC_ = -5 
v 
" 


14 
E 
35 
VIH = 2 v 
" 


I 


E 
V1=V1H 
E 
.... 
VCC+=5V 


I 
12 
TA=25°C 
I 
12 
z 
30 
VCC_=-5V 
.... 
.... 


'" 
~ 
~ 


OUTPUT 
OUTPUT 


10 
10- 
2 
-H - I 


- 
'" 
25 


'" 
'" 
G 
I 


:> 
B 
:> 
B 
~ 


20 
-ICC+ 
u 
u 
.... 
.... 


OJ 
6 
ii' 
6 
iil 
15 -lee 
~ 
.... 
I 


I 
:> 
4 _ 
OUTPUT_ 
OUTPUT 
OJ 
VCC+"'5V 
10 
0 
- 
'I 


I-- 
0 
4 
Z 
I 
I Z 
I 
I 
VCC_ = -5 
V 


!? 
!? 
2 
VI = V1H 
Q 
5 
2 
I 
u 


0 


TA'" 
25°C 
~ 
0 
0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.1 
1.2 
1.3 
1.4 
1.5 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


VI- 
LOGIC 
INPUT VOLTAGE 
- 
V 
VI - 
LOGIC INPUT VOLTAGE 
- 
V 
TA - 
AMBIENT 
TEMPERATURE 
_ °c 


Am55110, 
Am75110 
Propagation 
Delay Time 
Propagation 
Delay Time 
Supply 
Current With Driver Enabled 
Logic Inputs 
Inhibit 
Inputs 
Versus- 
Versus 
Versus 
Ambient 
Temperature 
Ambient 
Temperature 
Ambient 
Temperature 


40 
25 
40 


" 
'ee 
c 
Vcc+-5V 
c 
VCC+'" 
5 V 
E 
35 
I 


VCC_ = -5 
V 


I 
35 
VCC_ = -5 
V 


.... 
- 
I 
~ 
20 
RL'" 
50 n 
~ 


RL ", 50 n 
~ 


30 
CL = 40 pF 
30 


I 
;:: 


15 
I 


;:: 
CL =40pF 


25 
ICC+ - I-- 
> 
> 
25 
OJ 
~ 
:3 
u 


10 1--_I'PlH 
ANO tpHl - 
~ 


20 
w 
20 
0 
0 
~- 
z 
- I-- 
z 
tpLI-\ 
- 
iil 
15 
0 
0 
15 
;:: 
;:: 
-::J--I.--f" 
I 
VIL"'0.4V 
" 
" 
10 
'" 
'" 


10 
,pr" 
z 
VIH = 2 V 
~ 
5 
~ 
Q 


5 
VCC+"'5V 
0 
~ 
5 
u 
if 
I 
~ 


VCC_ 
"'-5V 
0 
0 
0 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


T A - 
AMBIENT 
TEMPERATURE 
- 
°c 
T A - 
AMBIENT 
TEMPERATURE 
_ °c 
TA - 
AMBIENT 
TEMPERATURE 
_ °c 


Note: 
For Am75 Series use O°C to +70°C temperature 
range only. 
UC·482 


INPUTS 
OUTPUTS 
Parameter 
A 
B 
C 
0 
Y 
Z 


VIH 
Test 
Open 
VIH 
VIH 
OFF 
ON 


VIH 
Open 
Test 
VIH 
VIH 
OFF 
ON 


VIL 
Test 
VCC+ 
VIH 
VIH 
ON 
OFF 


VIL 
VCC+ 
Test 
VIH 
VIH 
ON 
OFF 


IIH 
Test 
GND 
VIH 
VIH 
GND 
GND 


IIH 
GND 
Test 
VIH 
VIH 
GND 
GND 


IlL 
Test 
4.5V 
V,H 
VIH 
GND 
GND 


IlL 
4.5V 
Test 
VIH 
VIH 
GND 
GND 


VIH 
VIH 
VIH 
Test 
Open 
OFF 
ON 


VIH 
VIH 
VIH 
Open 
Test 
OFF 
ON 


VIH 
VIL 
VIL 
Test 
Open 
ON 
OFF 


VIH 
VIL 
VIL 
Open 
Test 
ON 
OFF 


VIL 
VIH 
VIH 
Test 
Open 
OFF 
OFF 


VIL 
VIH 
VIH 
Open 
Test 
OFF 
OFF 


VIL 
VIL 
VIL 
Test 
VCC+ 
OFF 
OFF 


VIL 
VIL 
VIL 
VCC+ 
Test 
OFF 
OFF 


IIH 
GND 
GND 
Test 
GND 
GND 
GND 


IIH 
GND 
GND 
GND 
Test 
GND 
GND 


IlL 
GND 
GND 
Test 
4.5V 
GND 
GND 


IlL 
GND 
GND 
4.5V 
Test 
GND 
GND 


1010ni 
VIL 
VIL 
VIH 
VIH 
Test 
Note 1 


1010n) 
VIL 
VIH 
VIH 
VIH 
Test 
Note 1 


1010ni 
VIH 
VIL 
VIH 
VIH 
Test 
Note 1 


1010ni 
VIH 
VIH 
VIH 
VIH 
Note 1 
Test 


1010ff) 
VIH 
VIH 
VIH 
VIH 
Test 
Note 
1 


1010ff) 
V,L 
VIL 
VIH 
VIH 
Note 1 
Test 


1010fti 
VIL 
VIH 
VIH 
VIH 
Note 1 
Test 


1010fti 
VIH 
VIL 
VIH 
VIH 
Note 1 
Test 


1010ft) 
X 
X 
VIL 
VIL 
Test 
Test 


1010ft) 
X 
X 
VIL 
VIH 
Test 
Test 


1010ft) 
X 
X 
VIH 
VIL 
Test 
Test 


ICC+(on) 
VIL 
VIL 
VIH 
VIH 
GND 
GND 


ICC-Ionl 
VIL 
VIL 
VIH 
VIH 
GND 
GND 


ICC+(offl 
VIL 
VIL 
VIL 
VIL 
GND 
GND 


ICC-Ioftl 
VIL 
VIL 
VIL 
VIL 
GND 
GND 


AC PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


LOGIC! 
INPUT 


CL 


I4()PF 


INHI.,T! 
INPUT 


I 
I 
I 
t TO OTHER DRIVER 
I 
L 
~ 


l~~~ 
-==f--- -----~·--------------f-~~~~~~~~~~-~\--========------------= 
::v 


I' 
tpw2 
" 


Notes: 
1. 
The 
pulse 
generators 
have the following 
characteristics: 
Zout = 50n, 
tr = tf 
= 10 ±5ns; 
tpw1 
= 500ns. 
PRR = 1 MHz; 
tpw2 
= 11ls, PRR 
= 500kHz. 


2. 
CL 
includes 
probe 
and jig capacitance. 


3. 
For 
simplicitY, 
only 
one channel 
and the 
inhibitor 
connections 
are shown. 


HIGH 
Measure 
Current 
Voltage 


lOW 
Measure 
Current 
Voltege 


Am25/26/2700 
4o/,A 
2.4V 
-1.6mA 
0.4 V 


Am25S/26S/27S 
5o/,A 
2.7V 
-2.omA 
0.5V 


Am25L126L127l 
2o/,A 
2.4 V 
-o.4mA 
0.3V 


Am25lS/26lS/27lS 
2o/,A 
2.7V 
-0.36mA 
O.4V 


Am54174 
4o/,A 
2.4V 
-1.6mA 
O.4V 


54HI74H 
5o/,A 
2.4V 
-2.omA 
0.4 V 


Am54S174S 
5o/,A 
2.7V 
-2.omA 
0.5V 


54L174l 
2o/,A 
2.4V 
-0.8mA 
O.4V 
(Note 11 


54L174l 
lo/,A 
2.4V 
-0.18mA 
0.3V 
(Note 11 


Am54lS174lS 
2o/,A 
2.7V 
-0.36mA 
0.4 V 


Am9300 
4o/,A 
2.4 V 
-1.6mA 
0.4V 


Am93loo 
2o/,A 
2.4V 
-o.4mA 
0.3V 


Am93Soo 
5o/,A 
2.7V 
-2.omA 
0.5V 


Am75/85 
4o/,A 
2.4V 
-1.6mA 
O.4V 


Am8200 
4o/,A 
4.5V 
-l.6mA 
O.4V 


DEFINITION OF FUNCTIONAL TERMS 


1A, 2A, 18,28 
The TTL data inputs to each driver. 


1C,2C 
The TTL inhibit 
inputs to each driver. A LOW input 


forces both outputs 
to the off-state. 


o The 
common 
TTL inhibit 
input 
to both 
drivers. 
A 


LOW input forces all four outputs 
to the off-state. 


1Y, 2Y, 1Z, 2Z 
The differential 
output 
of each driver. 


Am55n5109 


vcc+ 


lA;.:: 


lY 


18 
12 


Ie 
11 
VCC_ 


2e • 


10 


2A 
5 
9 
22 


• 
7 
• 


2Y 


GND 


DIE 
SIZE 
0.056" X 0.056" 


Am55n5110 


vcc+ 


lA 
1 
" 
13 
1Y 


18 
12 
12 


Ie 
11 
Vcc_ 


2e • 


2A 
5 


10 
0 


22 


28 
6 
7 
8 
2Y 


GND 


01 E SIZE 
0.056" X 0.056" 


I 


OUTPUT 


PArR 


Am71/81LS95 
• Am71/81LS96 
Am71/81 LS97 • Am71/81 LS98 
Three-State Octal Buffers 


• Three-state outputs drive bus line directly 
• 
Typical propagation delay 
Am71/81 LS95, Am71/81 LS97 
Am71/81 LS96, Am71/81 LS98 


• Typical power dissipation 


Am71/81 LS95, Am71/81 LS97 
80mW 


Am71/81 LS96, Am71/81 LS98 
65mW 


• 
PNP inputs reduce DC loading on bus lines 


• 
Am71/81 LS96 and Am71/81 LS98 are inverting; 
Am71/81 LS95 and Am71/81 LS97 are non-inverting 


• 
20-pin hermetic and molded DIP packages 


• 
100% product assurance testing to MIL-STD-883 
requirements 


13ns 
10ns 


Am71/81LS95 
Am71/81LS96 


" 
" 


" 
" 


" 
" 


.•. 
.•. 


" 
" 


•• 
•• 


" 
" 


" 
" 
G, 
G, 
G, 
G, 
L1C-.87 
L1C-488 


GENERAL DESCRIPTION 


The Am71/81 LS95, Am71/81 LS96, Am71/81 LS97 and Am71/ 
81 LS98 are octal 
buffers fabricated 
using Advanced 
Low- 
Power Schottky technology. The 20-pin package provides im- 
proved printed circuit board density for use in memory ad- 
dress and clock driver applications. 


The Am71/81 LS95 and Am71/81 LS97 present true data at the 
outputs, while the Am71/81 LS96 and Am71/81 LS98 are invert- 
ing. The Am71/81 LS95 and Am71/81 LS96 have a common 
enable for all eight buffers with access through a 2-input NOR 
gate. The Am71/81 LS97 and Am71/81 LS98 octal buffers have 
four buffers enabled from one common line, and the other four 
buffers enabled from another common line. In all cases the 
outputs are placed in the three-state condition by applying a 
high logic level to the enable pins. All parts feature low current 
PNP inputs. 


LOGIC DIAGRAMS 


Am71/81LS97 


" 
v, 
" 


" 
v, 
•• 


" 
v, 
" 


.•. 
v, 


G, 
G, 


L1C-489 


'LS95 
'LS96 


INPUTS 
OUTPUT 
G, 
G, • 
V 


H 
X 
X 
Z 


X 
H 
X 
Z 


L 
L 
H 
H 


L 
L 
L 
L 


INPUTS 
OllTPUT 
G, 
G, • 
V 


H 
X 
X 
Z 


X 
H 
X 
Z 


L 
L 
H 
L 


L 
L 
L 
H 


CONNECTION DIAGRAMS 
- 
Top Views 


Am71/81LS96 
Am71/81LS97 


Am71/81LS98 


v, 
v, 
v, 


v, 
v, 
v, 


v, 
v, 
v, 


v, 
.•. 
v, 
v, 


G, 


MAXIMUM 
RATINGS 
above 
which 
the useful 
life may be impaired 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Current 


DC Input 
Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to + 7.0V 


-O.5V 
to +Vee 
max. 


-O.5V 
to + 7.0V 


150mA 


-30mA 
to +5.0mA 


ELECTRICAL 
CHARACTERISTICS 


The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Specified: 
COM'L 
TA = O°C to +70°C 
Vee 
= 5.0V ± 5% 
(MIN. = 4.75V 
MAX. = 5.25V) 


MIL 
TA = -55°C 
to +125°C 
Vee 
= 5.0V ±10% 
(MIN. = 4.50V 
MAX. = 5.50V) 
Am71/81 
LS95 


Am71/81 
LS96 


Am71/81 
LS97 


Am71/81 
LS98 


Typ. 
Min. 
(Note 1) 
Max. 
Units 


VIH 
High Level Input Vo~age 
2 
Vo~s 


VIL 
Low Level Input Voltage 
0.8 
Vo~s 


VI 
Input Clamp Vo~age 
Vee 
= Min., II = -18mA 
-1.5 
Vo~s 


MIL 
-1.0 
mA 
10H 
High Level Output Current 
COM'L 
-2.6 


10H = -5.0mA 
2.4 
Vee 
= Min., VIH = 2.0V 
COM'L 
VOH 
High Level Output Vo~age 
10H = -2.6mA 
2.7 
Vo~s 
VIL = 0.8V 
MIL, 10H = -1.0mA 
2.5 


COM'L 
16 
mA 
10L 
Low Level Output Current 
MIL 
8 


VOL 
Low Level Output Vo~age 
Vce 
= Min., V1H = 2.0V 
COM'L, 10L = 16mA 
0.5 
V 
VIL = O.8V 
MIL, 10L = 8.0mA 
0.4 


1010FFI 
Off-State (High-Impedance 
Vee 
~ Max., VIH =2.0V 
Vo = 0.4V 
-20 
I"A 
State) Output Current 
V1L = 0.8V 
Vo = 2.4V 
20 


II 
Input Current at Maximum 
Vec 
= Max., VI ~ 7.0V 
0.1 
mA 
Input Vo~age 


IIH 
High Level Input Current 
Vee 
= Max., VI = 2.7V 
20 
I"A 


A Input 
Both G Inputs at 2.0V 
VI = 0.5V 
-50 
I"A 
IlL 
Low Level 
Vee 
= Max. 
Both G Inputs at O.4V 
VI - 
0.4V 
0.36 
Input Current 
mA 
G Input 
VI - 
O.4V 
-0.36 


10s 
Short Circuit Output Current 
Vee 
= Max. (Note 2) 
-30 
-60 
-130 
mA 


Ice 
Supply Current 
Am71/81 LS95, Am71/81 LS97 
16 
26 
mA 
Vee 
= Max. 
Am71/81 LS96, Am71/81 LS98 
13 
21 


Notes: 
1. All typical values are at Vee 
= 5.0V, TA = 25°C. 


2. Not more than output should be shorted at a time, and duration of the short circuit should not exceed one second. 


Am71/81 
LS95 
Am71/81 
LS97 


Min. 
Typ. 
Max. 


Am71/81 
LS96 


Am71/81 
LS98 


Min. 
Typ. 
Max. 
Units 


tPLH 
Propagation Delay Time, 


11 
16 
6 
10 
ns 
Low-to-High 
Level Output 


tpHL 
Propagation 
Delay Time, 


15 
22 
13 
17 
ns 
High-to-Low 
Level Output 
CL = 15pF, RL = 2kO 


tZH 
Output Enable Time to High Level 
16 
25 
17 
27 
ns 


tZL 
Output Enable Time to Low Level 
13 
20 
16 
25 
ns 


tHz 
Output Disable Time from HIGH Level 
CL = 5pF, RL = 2kO 
13 
20 
13 
20 


tLZ 
Output Disable Time from Low Level 
ns 
19 
27 
18 
27 


LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


OUTPUT 
3V 


CONTROL 
~ 
• 
f---4 
(lOW LEVel 
~ 
3Vl-3V 
(ENABLING) 
I"---------f 
--L 
OV 
r--- tZLI 
tLZ 


WAVEFORM1~""45V 
Sl&~ 


~ 


ClOSED 
~OPEN 
,3V ~~:.:V 


tZH----1 
tHZ~ 
~ 
PI; J~ 
t 
O.SV 
VOH 
8, 
OPEN 
l:l 
~ 
CLOSED 
1.3V 
5, 
&: ~ 
"'.5V 


WAVEFORM 2 -------, 
.. --- 
"'OV 
CLOSED 


IN916 
OR 
IN3064 


Notes: 
1. Waveform 
1 is for an output 
with 
internal 
conditions 
such that the output 
is low except 
when disabled by the output 
control. 


2. Waveform 
2 is for an output 
with 
internal 
conditions 
such that the output 
is high except 
when disabled by the output 
contro!. 


3. In the examples 
above, the phase relationships 
between 
inputs and outputs 
have been chosen arbitrarily. 
4. Pulse generator 
characteristics: 
PRR 
0;;; 1MHz, 
ZOUT 
'" 50n, 
tr 
0;;; 15ns. tf <; 6ns. 


5. When measuring 
tpLH 
and tpHL. 
switches 
51 and 52 are closed. 


,----- 


I 
L 


OUTPUT 
CONTAOL 
--------- 


G IOUTPUT·PORT 


CONTROL 


G 
) 
INPUT-PORT 
CONTROL 


Package 
Temperature 
Order Number 


Type 
Range 
Am71/81 
LS95 
Am71/81LS96 
Am71/81 
LS97 
Am71/81 
LS98 


Molded 
DIP 
O°C to +70°C 
DM81 LS95N 
DM81 LS96N 
DM81 LS97N 
DM81 LS98N 
Hermetic 
DIP 
O°C to +70°C 
DM81 LS95J 
DM81 LS96J 
DM81 LS97J 
DM81 LS98J 


Hermetic 
DIP 
-55°C 
to +125°C 
DM71 LS95J 
DM71 LS96J 
DM71 LS97J 
DM71 LS98J 
Dice 
O°C to +70°C 
AM81 LS95X 
AM81 LS96X 
AM81 LS97X 
AM81 LS98X 


Am73/8303B 


Octal Three-State 
Inverting Bidirectional 
Transceiver 


DISTINCTIVE CHARACTERISTICS 


• 8-bit bidirectional data flow reduces system package count 
• Three-state 
inputs/outputs for interfacing with bus-oriented 
systems 
• 
PNP inputs reduce input loadirig 
• 
Vcc -1 .15V VOH interfaces with TTL, MOS, and CMOS 


• 48mA, 300pF bus drive capability 
• 
Transmit/Receive and Chip Disable simplify control logic 
• 
20 pin ceramic and molded DIP package 


• 
Low power - 
8mA per bidirectional bit 


• 
Advanced Schottky processing 


• 
Bus port stays in hi-impedance state during power up/down 


• 
100% product assurance screening to MIL-STD-883 
requirements 


GENERAL DESCRIPTION 


The Am73/8303Bs are 8-bit three-state Schottky inverting trans- 
ceivers. They provide bidirectional drive for bus-oriented micro- 
processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 16mA drive capa- 
bility on the A ports and 48mA bus drive capability on the B 
ports. PNP inputs are incorporated to reduce input loading. 


One input, Transmit/Receive deter'mines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a three- 
state condition. 


The output 
high voltage 
(VOH) 
is specified 
at Vcc-1.15V 


minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 


TRANSMITI 


RECEIVE 
T/R 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life may be impaired) 


Storage 
Temperature 


Supply 
Voltage 


Input 
Voltage 


Output 
Voltage 


Lead 
Temperature 
(Soldering, 
10 seconds) 


-65°C 
to +150°C 


7.0V 


5.5V 


5.5V 


300°C 


ELECTRICAL 
CHARACTERISTICS 


The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Noted: 


Am7303B 
TA = -55°C 
to +125°C 
VccMIN 
= 4.5V 


AmB303B 
TA = COCto +70°C 
VccMIN 
= 4.75V 
v ce MAX = 5.5V 
VeeMAX 
= 5.25V 


Typ. 


(Note 1) 


A PORT (AO-A7) 


VIH 
Logical "1" Input Voltage 
CD = O.BV, T/R = 2.0V 
2.0 
Volts 


CD = O.BV, 
AmB303B 
O.B 
Volts 
V1L 
Logical "0" Input Voltage 
T/R ~ 2.0V 
Am7303B 
0.7 


VOH 
Logical" 1" Output Voltage 
CD ~ O.BV, 
10H - 
-Oo4mA 
Vee-1.15 
Vee-0.7 
Volts 


T/R = O.BV 
10H - 
-3.0mA 
2.7 
3.95 


CD = O.BV, 
10L = BmA 
0.3 
004 
Volts 
VOL 
Logical "0" Output Voltage 
T/R = O.BV 
AmB303B, 10L = 16mA 
0.35 
0.50 


los 
Output Short Circuit Current 
CD = O.BV, T/R = O.BV, Vo = OV, 
-10 
-3B 
-75 
mA 
Vee = MAX., Note 2 


IIH 
Logical "1" Input Current 
CD ~ O.BV, T/R = 2.0V, VI = 2.7V 
0.1 
BO 
/LA 


II 
Input Current at Maximum Input Voltage 
CD = 2.0V, Vee = MAX., VI = Vee MAX. 
1 
mA 


IlL 
Logical "0" Input Current 
CD ~ O.BV, T/R = 2.0V, VI = Oo4V 
-70 
-200 
/LA 


Ve 
Input Clamp Voltage 
CD = 2.0V, IIN = -12mA 
-0.7 
-1.5 
Volts 


I Vo = Oo4V 
-200 
/LA 
100 
OutpuVlnput Three-State 
Current 
CD = 2.0V 
I Vo - 
4.0V 
BO 


8 PORT (80-87) 


VIH 
Logical "1" Input Voltage 
CD ~ O.BV, T/R = O.BV 
2.0 
Volts 


V1L 
CD = O.BV, T/R ~ O.BV 
AmB303B 
O.B 
Volts 
Logical "0" Input Voltage 


Am7303B 
0.7 


10H = -Oo4mA 
Vee-1.15 
Vee-O.B 


VOH 
Logical "1" Output Voltage 
CD ~ O.BV, T/R = 2.0V 
10H - 
-5mA 
2.7 
3.9 
Volts 


10H - 
10mA 
204 
3.6 


VOL 
CD = O.BV, T/R = 2.0V 
10L = 20mA 
0.3 
004 
Volts 
Logical "0" Output Voltage 
IOL = 4BmA 
004 
0.5 


los 
Output Short Circuit Current 
CD = O.BV, T/R = 2.0V, Vo ~ OV, 
-25 
-50 
-150 
mA 
Vec = MAX., Note 2 


IIH 
Logical" 1" Input Current 
CD ~ O.BV, T/R = O.BV, VI = 2.7V 
0.1 
BO 
/LA 


II 
Input Current at Maximum Input Voltage 
CD = 2.0V, Vee = MAX" VI = Vee MAX. 
1 
mA 


IlL 
Logical "0" Input Current 
CD = O.BV, T/R = O.BV, VI = Oo4V 
-70 
-200 
/LA 


Ve 
Input Clamp Voltage 
CD = 2.0V, IIN = -12mA 
-0.7 
-1.5 
Volts 


100 
OutpuVlnput Three-State 
Current 
I Vo = Oo4V 
-200 
/LA 
CD = 2.0V 
I Vo - 
4.0V 
200 


CONTROL INPUTS CD, T/R 


VIH 
Logical "1" Input Voltage 
2.0 
Volts 


VIL 
Logical "0" Input Voltage 
O.B 
Volts 


IIH 
Logical "1" Input Current 
VI = 2.7V 
0.5 
20 
/LA 


II 
Input Current at Maximum Input Voltage 
Vee = MAX., VI = Vee MAX. 
1.0 
mA 


IlL 
Logical "0" Input Current 
V, = Oo4V 
I T/R 
-0.1 
-.25 
I CD 


mA 
-0.25 
-.5 


ve 
Input Clamp Voltage 
IIN - 
-12mA 
-O.B 
-1.5 
Volts 


POWER SUPPLY CURRENT 


Ice 
Power Supply Current 
CD = 2.0V, Vee = MAX., VIN = Oo4V 
I 
60 
130 


CD = VINA = Oo4V,T/R = 2V, Vee ~ MAX. 
I 
mA 
BO 
160 


Am73/8303B 


AC ELECTRICAL 
CHARACTERISTICS 
(Vcc = 5.QV, TA = 25°C) 


Typ. 
(Note 1) 
Max. 


A PORT 
DATA/MODE 
SPECIFICATIONS 


tpDHLA 


Propagation Delay to a Logical "0" from 
CD = OAV, T/R = OAV (Figure 1) 
8 
ns 
B Port to A Port 
R, = 1k, R2 = Sk, C, = 30pF 


tpDLHA 


Propagation 
Delay to a Logical "1" from 
CD = OAV, T/R = 0.4V (Figure 1) 
7 
ns 
B Port to A Port 
R, = 1k, R2 = Sk, C, = 30pF 


tPLZA 


Propagation 
Delay from a Logical "0" to 
Bo to B7 = OAV, T/R = OAV (Figure 3) 
11 
ns 
Three-State 
from CD to A Port 
S3 = 1, Rs = 1k, C4 = 1SpF 


tpHZA 
Propagation Delay from a Logical "1" to 
Bo to B7 = 2AV, T/R = OAV (Figure 3) 
8 
ns 
Three-State 
from CD to A Port 
S3 = 0, Rs = 1k, C4 = t SpF 


tpZLA 


Propagation Delay from Three-State to 
Bo to B7 = OAV, T/R = OAV (Figure 3) 
27 
ns 
a Logical "0" from CD to A Port 
S3 = 1, Rs = 1k, C4 = 30pF 


tpZHA 
Propagation 
Delay from Three-State 
to 
Bo to B7 = 2AV, T/R = OAV (Figure 3) 
19 
ns 
a Logical "1" from CD to A Port 
S3 = 0, Rs = Sk, C4 = 30pF 


B PORT 
DATA/MODE 
SPECIFICATIONS 


Propagation 
Delay to a Logical "0" from 
CD = OAV, T/R = 2AV (Figure t) 
I 
12 
tpDHLB 
R, - 
1000, R2 - 
1k, C, - 
300pF 
ns 


A Port to B Port 
R, = 6670, 
R2 = Sk, C, = 4SpF 
7 


Propagation 
Delay to a Logical "1" from 
CD = OAV, T/R = 2AV (Figure 1) I 
10 
tpDLHB 
R, = 1000, R2 = 1k, C, = 300pF 
ns 


A Port to B Port 
R, = 6670, 
R2 = Sk, C, = 4SpF 
7 


tpLZB 


Propagation Delay from a Logical "0" to 
Ao to A7 = OAV, T/R = 2AV (Figure 3) 
13 
ns 
Three-State from CD to B Port 
S3 = 1, Rs = 1k, C4 = 1SpF 


tpHZB 


Propagation Delay from a Logical "t" 
to 
Ao to A7 = 2AV, T/R = 2AV (Figure 3) 
8 
ns 
Three-State from CD to B Port 
S3 = 0, Rs = 1k, C4 = 1SpF 


Propagation 
Delay from Three-State 
to 
Ao to A7 = OAV, T/R = 2AV (Figure 3) 
32 


tpZLB 
S3 - 
1, Rs - 
1000, C4 - 
300pF 
ns 
a Logical "0" from CD to B Port 
S3 = 1, Rs = 6670, 
C4 = 4SpF 
16 


Propagation 
Delay from Three-State to 
Ao to A7 = 2AV, T/R = 2AV (Figure 3) 
26 


·tpZHB 
S3 - 
0, Rs - 
1k, C4 - 
300pF 
ns 
a Logical "1" from CD to B Port 
S3 = 0, Rs = 6670, 
C4 = 4SpF 
14 


TRANSMIT 
RECEIVE 
MODE 
SPECIFICATIONS 


Propagation 
Delay from a Logical "1" to 
CD = OAV (Figure 2) 


tpHzA 
Three-State 
from TiR'to A Port 
S, = 1, R4 = 1000, C3 = 300pF 
7 
ns 
S2 = 0, R3 = 1k, C2 = 1SpF 


Propagation 
Delay from a Logical "0" to 
CD = 0.4V (Figure 2) 


tpLZA 
Three-State 
from TiR'to A Port 
S, = 0, R4 = 1k, C3 = 300pF 
10 
ns 


S2 = 1, R3 = 1k, C2 = 1SpF 


Propagation 
Delay fISlm a Logical "1" to 
CD = OAV (Figure 2) 
tPHZT 
S, = 0, R4 = 1k, C3 = 1SpF 
16 
ns 
Three-State 
from T/R to B Port 
S2 = 1, R3 = Sk, C2 = 30pF 


Propagation 
Delay fISlm a Logical "0" to 
CD = OAV (Figure 2) 


tpLZT 
S, = 1, R4 = 1k, C3 = 1SpF 
17 
ns 
Three-State 
from T/R to B Port 
S2 = 0, R3 = 1k, C2 = 30pF 


tpAL 
Propagation 
Delay..!!:om Transmit Mode 


tpAL = tPHZT + tpDHLA 
23 
ns 
to a Logical "0", T/R to A Port 


tpAH 


Propagation 
Delay from Transmit Mode 


tpA H = tpLZT + tpDLHA 
28 
ns 
to a Logical "1", TiR' to A Port 


tPTL 
Propagation 
Delay from Receive Mode 
tPTL = tpHZA + tPDHLB 
23 
ns 
to a Logical "0", TiR'to B Port 


tpTH 


Propagation 
Delay from Receive Mode 
tpTH = tpLZA + tpDLHB 
24 
ns 
to a Logical "1", T/R to B Port 


Notes: 
1. All typical values given are for VCC = S.OV and TA = 2SoC. 
2. Only one output at a time should be shorted. 
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Inputs 
Conditions 


Chip Disable 
0 
0 
1 


Transmit/Receive 
0 
1 
X 


A Port 
Out 
In 
HI-Z 


B Port 
In 
Out 
HI-Z 


SWITCHING 
TIME WAVEFORMS 
AND AC TEST CIRCUITS 


___________ 
~------ 
3.0V 
~~:::~"" 
'Wk:",. 


OUTPUT-----~\'5:Dl 
tPDO~r 


BnOR 
An 


•..._--------- 


Figure 1. Propagation Delay from A Port to B Port 
or from B Port to A Port. 
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Note: 
C4 includes 
test fixture 
capacitance. 


Port 
input 
is in a fixed 
logical 
condition. 


Metallization and Pad Layout 
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DIE SIZE 
0.066" x 0.086" 


ORDERING INFORMATION 


Package 
Temperature 
Order 
Type 
Range 
Number 


Hermetic 
DIP 
-55°C 
to +125°C 
DP7303BJ 
Hermetic 
DIP 
O°C to +70°C 
DP8303BJ 
Molded 
DIP 
O°C to +70°C 
DP8303BN 
Dice 
O°C to + 70°C 
AM8303BX 


Am73/8304B 
Octal Three-State 
Bidirectional 
Transceiver 


DISTINCTIVE CHARACTERISTICS 


• 
8-bit bidirectional data flow reduces system package count 


• ThreeLstate inputs/outputs for interfacing with bus-oriented 


systems 
• 
PNP inputs reduce input loading 


• 
Vcc-1.15V 
VOH interfaces with TTL, MOS, and CMOS 


• 
48mA, 300pF bus drive capability 


• 
Transmit/Receive and Chip Disable simplify control logic 


• 
20 pin ceramic and molded DIP package 


• 
Low power - 
8mA per bidirectional bit 


• 
Advanced Schottky processing 


• 
Bus port stays in hi-impedance state during power up/down 


• 
100% product assurance screening to MIL-STD-883 
requirements 


GENERAL DESCRIPTION 


The Am73/8304Bs are 8-bit three-state Schottky transceivers. 
They provide bidirectional drive for bus-oriented microproces- 
sor and digital 
communications 
systems. 
Straight 
through 


bidirectional transceivers are featured, with 16mA drive capa- 
bility on the A ports and 48mA bus drive capability on the B 
ports. PNP inputs are incorporated to reduce input loading. 


One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a three- 
state condition. 


The output 
high voltage 
(VOH) 
is specified 
at Vcc-1.15V 


minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 


Am73/8304B 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life may be impaired) 


Storage 
Temperature 


Supply 
Voltage 


Input 
Voltage 


Output 
Voltage 


Lead 
Temperature 
(Soldering, 
10 seconds) 


-65°C 
to + 150°C 


7.0V 


5.5V 


5.5V 


300°C 


ELECTRICAL 
CHARACTERISTICS 


The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Noted: 


Am73048 
TA = -55'C 
to +125'C 
VeeMIN 
= 4.5V 


Am83048 
TA = O'C to +700C 
VceMIN 
= 4.75V 


VeeMAX 
= 5.5V 
VeeMAX 
= 5.25V 


Typ. 


(Note 1) 


A PORT (AO-A7) 


V1H 
Logical "1" Input Voltage 
CD = VIL MAX., T/R = 2.0V 
2.0 
Volts 


CQ..= VIL MAX., 
Am83048 
0.8 
Volts 
VIL 
Logical "0" Input Voltage 
T/R = 2.0V 
Am73048 
0.7 


VOH 
Logical "1" Output Voltage 
CQ..= VIL MAX., 
IOH = -Oo4mA 
Vee-1.15 
Vee-0.7 
Volts 
T/R = 8.0V 
IOH - 
-3.0mA 
2.7 
3.95 


CQ..= VIL MAX., 
IOL = 8mA 
0.3 
004 
VOL 
Logical "0" Output Voltage 
Volts 
T/R = 8.0V 
Am83048, 10L~ 16mA 
0.35 
0.50 


los 
Output Short Circuit Current 
CD = VIL MAX., T/R = 0.8V, Vo = OV, 
-10 
-38 
-75 
mA 
Vee = MAX., Note 2 


IIH 
Logical "1" Input Current 
CD = VIL MAX., T/R = 2.0V, VI = 2.7V 
0.1 
80 
/LA 


II 
Input Current at Maximum Input Voltage 
CD = 2.0V, Vec = MAX., VI = Vee MAX. 
1 
mA 


IlL 
Logical "0" Input Current 
CD = VIL MAX., T/R = 2.0V, VI = Oo4V 
-70 
-200 
/LA 


Ve 
Input Clamp Voltage 
CD = 2.0V, IIN = -12mA 
-0.7 
-1.5 
Volts 


Vo = Oo4V 
-200 


/LA 
100 
OutpuVlnput Three-State Current 
CD = 2.0V 
Vo = 4.0V 
80 


B PORT (BO-B7l 


VIH 
Logical "1" Input Voltage 
CD = VIL MAX., T/R = VIL MAX. 
2.0 
Volts 


CD = VIL MAX., 
Am83048 
0.8 
Volts 
VIL 
Logical "0" Input Voltage 
T/R = VIL MAX. 
Am73048 
0.7 


10H= -0.4mA 
Vee-1.15 
Vee-0.8 


VOH 
Logical "1" Output Voltage 
CD = VIL MAX., T/R = 2.0V 
IOH - -5mA 
2.7 
3.9 
Volts 


10H= -10mA 
204 
3.6 


Logical "0" Output Voltage 
CD = VIL MAX., T/R = 2.0V 
IOL = 20mA 
0.3 
004 
VOL 
Volts 


10L = 48mA 
004 
0.5 


los 
Output Short Circuit Current 
CD = VIL MAX., T/R = 2.0V, Vo = OV, 
-25 
-50 
-150 
mA 
Vee = MAX., Note 2 


IIH 
Logical "1" Input Current 
CD = VIL MAX., T/R = VIL MAX., VI = 2.7V 
0.1 
80 
/LA 


II 
Input Current at Maximum Input Voltage 
CD = 2.0V, Vee ~ MAX., VI = Vee MAX. 
1 
mA 


IlL 
Logical "0" Input Current 
CD = VIL MAX., T/R = VIL MAX., VI = Oo4V 
-70 
-200 
/LA 


Ve 
Input Clamp Voltage 
CD = 2.0V, IIN = -12mA 
-0.7 
-1.5 
Volts 


100 
OutpuVlnput Three-State Current 
CD = 2.0V 
I Vo = Oo4V 
-200 
/LA 
I Vo = 4.0V 
200 


CONTROL INPUTS CD, T/R 


V1H 
Logical "1" Input Voltage 
2.0 
Volts 


VIL 
Logical "0" Input Voltage 
I Am83048 
0.8 
Volts 
I Am73048 
0.7 


IIH 
Logical "1" Input Current 
VI = 2.7V 
0.5 
20 
/LA 


II 
Input Current at Maximum Input Voltage 
Vec = MAX., VI = Vee MAX. 
1.0 
mA 


IlL 
Logical "0" Input Current 
VI = Oo4V 
I T/R 
-0.1 
-.25 
mA 


I CD 
-0.25 
-.5 


Ve 
Input Clamp Voltage 
I'N = -12mA 
-0.8 
-1.5 
Volts 


POWER SUPPLY CURRENT 


Ice 
Power Supply Current 
CD = 2.0V, Vr.r. = MAX., V'N = 0.4V 
I 
I 
80 
I 
100 


CD = VINA = Oo4V,T/R = 2V, Vee = MAX. 
I 
I 
mA 
80 
130 


Typ. 
(Note 1) 
Max. 


I 
A PORT DATA/MODE SPECIFICATIONS 


tpDHLA 
Propagation Delay to a Logical "0" from 
CD = OAV, T/R = OAV (Figure 1) 
14 
18 
ns 
B Port to A Port 
R1 = 1k, R2 = 5k, C1 = 30pF 


tpDLHA 
Propagation 
Delay to a Logical" 1" from 
CD = OAV, T/R = OAV (Figure 1) 
13 
18 
ns 
B Port to A Port 
R1 = 1k, R2 = 5k, C1 = 30pF 


tpLZA 
Propagation Delay from a Logical "0" to 
Bo to B7 = OAV, T/R = OAV (Figure 3) 
11 
15 
ns 
Three-State 
from CD to A Port 
S3 = 1, Rs = 1k, C4 = 15pF 


tpHZA 
Propagation 
Delay from a Logical "1" to 
Bo to B7 = 2AV, T/R = OAV (Figure 3) 
8 
15 
ns 
Three-State 
from CD to A Port 
S3 = 0, Rs = 1k, C4 = 15pF 


tpZLA 
I 
Propagation Delay from Three-State 
to 
Bo to B7 = OAV, T/R = OAV (Figure 3) 
27 
35 
ns 
a Logical "0" from CD to A Port 
S3 = 1, Rs = 1k, C4 = 30pF 


tpZHA 
Propagation 
Delay from Three-State 
to 
Bo to B7 = 2.4V, T/R = OAV (Figure 3) 
19 
25 
ns 
a Logical "1" from CD to A Port 
S3 = 0, Rs = 5k, C4 = 30pF 
B PORT DATA/MODE SPECIFICATIONS 


Propagation 
Delay to a Logical "0" from 
CD = OAV, T/R = 2AV (Figure 1) I 
18 
23 
tpDHLB 
R1 = 100n, R2 = 1k, C1 = 300pF 
ns 
A Port to B Port 
R1 = 667n, 
R2 = 5k, C1 = 45pF 
11 
18 


Propagation 
Delay to a Logical" 1" from 
CD = OAV, T/R = 2.4V (Figure 1) 1 
16 
23 
tpDLHB 
R1 = 100n, R2 = 1k, C1 - 
300pF 
ns 
A Port to B Port 
R1 = 667n, 
R2 = 5k, C1 = 45pF 
11 
18 


tpLZB 
Propagation Delay from a Logical "0" to 
Ao to A7 = OAV, T/R = 2AV (Figure 3) 
13 
18 
ns 
Three-State 
from CD to B Port 
S3 = 1, Rs = 1k, C4 = 15pF 


tPHZB 
Propagation Delay from a Logical "1" to 
Ao to A7 = 2AV, T/R = 2AV (Figure 3) 
8 
15 
ns 
Three-State 
from CD to B Port 
S3 = 0, Rs = 1k, C4 = 15pF 


I 
Propagation 
Delay from Three-State 
to 
Ao to A7 = OAV, T/R = 2AV (Figure 3) 
32 
40 
tpZLB 
a Logical "0" from CD to B Port 
S3 - 
1, Rs - 
100n, C4 - 
300pF 
ns 


S3 = 1, Rs = 667n, 
C4 = 45pF 
16 
22 


Propagation 
Delay from Three-State 
to 
Ao to A7 = 2AV, T/R = 2AV (Figure 3) 
26 
35 
tpzHB 
S3 = 0, Rs = 1k, C4 = 300pF 
ns 
a Logical "1" from CD to B Port 
S3 = 0, Rs = 667n, 
C4 = 45pF 
14 
22 


TRANSMIT RECEIVE MODE SPECIFICATIONS 


Propagation Delay from a Logical" 1" to 
CD = OAV (Figure 2) 


tpHZR 
Three-State 
from T/R to A Port 
S1 = 1, R4 = 100n, C3 = 300pF 
7 
12 
ns 


S2 = 0, R3 = 1k, C2 = 15pF 


Propagation 
Delay from a Logical "0" to 
CD = OAV (Figure 2) 


tpLZR 
Three-State 
from T/R to A Port 
S1 = 0, R4 = 1k, C3 = 300pF 
10 
14 
ns 


S2 = 1, R3 = 1k, C2 = 15pF 


Propagation 
Delay fI9m a Logical" 1" to 
CD = OAV (Figure 2) 
tpHZT 
S1 = 0, R4 = 1k, C3 = 15pF 
16 
22 
ns 
Three-State 
from T/R to B Port 
S2 = 1, R3 = 5k, C2 = 30pF 


Propagation 
Delay fI9m a Logical "0" to 
CD = OAV (Figure 2) 


tpLZT 
S1 = 1, R4 = 1k, C3 = 15pF 
17 
22 
ns 
Three-State 
from T/R to B Port 
S2 = 0, R3 = 1k, C2 = 30pF 


tpRL 


Propagation 
Delay from Transmit Mode 
tpRL = tpHZT + tpDHLA 
25 
40 
ns 
to a Logical "0", T/R to A Port 


tPRH 
Propagation 
Delay from Transmit Mode 
tPRH = tpLZT + tpDLHA 
30 
40 
ns 
to a Logical "1", T/R to A Port 


tPTL 
Propagation 
Delay from Receive Mode 
tPTL = tpHZR + tpDHLB 
25 
35 
ns 
to a Logical "0", T/R to B Port 


tpTH 
Propagation 
Delay from Receive Mode 
tpTH = tpLZR + tpDLH B 
26 
35 
ns 
to a Logical "1", T/R to B Port 


Notes: 
1. Aillypical 
values given are for Vcc = 5.0V and TA = 25°C. 
2. Only one output at a time should be shorted. 


Inputs 
Conditions 


Chip Disable 
0 
0 
1 


Transmit/Receive 
0 
1 
X 


A Port 
Out 
In 
HI-Z 


B Port 
In 
Out 
HI-Z 


SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 
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Figure 1. Propagation 
Delay from A Port to B Port 
or from B Port to A Port. 
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Note: C4 includes test fixture capacitance. 


Port input is in a fixed logical condition. 


Package 
Type 


Hermetic 
DIP 
Hermetic 
DIP 
Molded 
DIP 
Dice 


Temperature 
Range 


- 55°C to + 125°C 
DOCto +7DoC 
DOCto +7DoC 
DOCto +7DoC 


DP73D4BJ 
DP83D4BJ 
DP83D4BN 
AM83D4BX 


Am78/8820 ·Am78/8820A 
Dual Differential 
Line Receivers 


Distinctive Characteristics: 
• 
Dual differential receiver pin-for-pin equivalent to the 
National 78/8820 and 78/8820A 
• 
500mV sensitivity at ±3V common mode 
1V sensitivity at ±15V common mode 


FUNCTIONAL 
DESCRIPTION 


The 
Am78/8820 
and Am 78/8820A 
are dual 
differential 


line 
receivers 
designed 
to 
receive digital 
data 
from 
trans- 


mission lines and provide 
up to 
15 volts of common 
mode 


rejection 
with 
a single 5-volt supply. 


The device would 
normally 
be used in systems using twisted 


pair 
lines 
for 
connection, 
with 
each 
receiver 
having 
a 


terminating 
resistor 
included. 
The 
receivers 
respond 
to 


small 
differential 
signals and reject 
considerable 
amounts 


of common 
mode noise. 


Each receiver 
has a strobe 
that 
enables the 
output 
and a 


response control 
that 
allows 
the time 
constant 
of the out- 


put 
circuit 
to 
be controlled 
by an external 
capacitor 
and 


give 
noise 
rejection 
of 
high 
frequency 
noise 
and 
short 
logic spikes. 


Companion 
differential 
line 
drivers 
are the 
Am78/8830, 
Am78/8831 
and Am78/8832. 


• 
Single 5-volt supply 
• 
Frequency response control, 
strobe 
and internal 


terminating resistor 
• 
100% reliability assurancetesting in compliance with 
MI L-STD-883 


Am78/ 
Am78/ 


8820 
8820A 


Package 
Temperature 
Order 
Order 


Type 
Range 
Number 
Number 


Molded 
DIP 
O°C to +75°C 
DM8820N 
DM8820AN 


Hermetic 
DIP 
O°C to +75°C 
DM8820J 
DM8820AJ 


Dice 
O°C to +75°C 
AM8820X 
AM8820AX 
Hermetic 
DIP 
-5SoC 
to +12SoC 
DM7820J 
DM7820AJ 


Hermetic 
Flat Pa k 
_55°C 
to +125°C 
DM7820W 
DM7820AW 


Dice 
_55°C 
to +125°C 
AM7820X 
AM7820AX 


CONNECTION DIAGRAM 


Top View 


- 
INPUT 
A 
Vcc 


TERMIN. 
A 
- 
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B 
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A 
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B 
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A 
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8 
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A 
RESPONSE 
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GNO 
OUTPUT B 


Am7820. 
Am8820 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE (Unless Otherwise 
Noted) 


T A:: aOc to +7SoC 
Vcc:: 5.QV ± 5% 
TA = -5SoC 
to +12SoC 
Vcc 
= S.OV ± 10% 


Description 


VCM = -15V 
to +15V 


VCM - -15V 
to +15V 


Test Conditions 


VOH 
Output 
HIGH 
Voltage 
IOH .;;;0.2mA 
2.5 
4.0 
5.5 
Vplts 


VOL 
Output 
LOW Voltage 
IOL';;; 
3.5mA 
0 
0.4 
Volts 


VCM 
=OV 
+0.06 
+0.5 


-15V';;;VCM';;;+15V 
+0.06 
+1.0 
VTH 
Differential 
Threshold 
Voltage 
Volts 


VCM = OV 
-0.5 
-0.08 


-15V';;;VCM';;;+15V 
-1.0 
-0.08 


IIH 
Strobe 
Input 
HIGH 
Current 
VSTROBE 
- 5.5V 
0.01 
5.0 
IJ.A 


IlL 
Strobe 
Input 
LOW Current 
VSTROBE 
~ O.4V 
-1.4 
-1.0 
mA 


VCM =+15V 
+3.0 
+4.2 


IIN 
INV 
Inverting 
Input Current 
VCM ~OV 
-0.5 
0 
mA 


VCM = -15V 
-4.2 
-3.0 


VCM - +15V 
+5.0 
+7.0 


IINNINV 
Non·lnverting 
Input 
Current 
VCM = OV 
-1.6 
-1.0 
mA 


VCM = -15V 
-9.8 
-7.0 


VCM = +15V 
+3.9 
+7.0 


Ice 
Power Su pply 
Current 


VCM = OV 
+6.5 
+10.2 
mA 
(Each Received 


VCM = -15V 
+8.3 
+15.0 


RININV 
Inverting 
Input 
Resistance 
3.6 
5.0 
kfl 


RINNINV 
Non.lnverting 
Input 
Resistance 
1.8 
2.5 
kfl 


RTERM 
Input Terminating 
Resistor 
TA 
25°C 
120 
170 
250 
fl 


Notes: 
1. For operating 
at elevated 
temperatures, 
the device must 
be derated 
based on II thermal 
resistance 
of 100°C/Wand 
a maximum 
junction 
temperature 
of 160°C 
for 
the 
AM7820. 
or 1500C/W 
and 11SoC maximum 
junction 
temperature 
for 
the AM8820. 
2. Typical 
values 
given are for VCC "'"S.OV, TA = 2SoC and VCM "" OV unless 
stated 
differently. 


Switching 
Characteristics 
ITA = 25°C, VCC = 5.QV) 


Parameters 
Description 


Response 
Time 


Response 
Time 


Test Conditions 


Cdela 
= 0 


Cdelay 
= 100 pF 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 
Temperature 
(Ambient) 
Under Bias 
Supply Voltage to Ground 
Potential 
(Pin 14 to Pin 7) Continuous 
DC Common 
Mode Voltage 
DC Strobe 
Input Voltage 
DC Data Input Voltage 
Output 
Current, 
Into Outputs: 
Am 78/8820 
Am78/8820A 


-65°C 
to +150°C 


-55°C 
to +125°C 


-0.5 
V to +8.0 V 


-20V 
to +20V 
-0.5Vto+8.0V 


-20V 
to +20V 
25mA 
50mA 


600mW 


Am7820A· 
Am8820A 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE (Unless Otherwise 
Noted) 


T A::: aOc to +7SoC 
Vcc = 5.0V 
± 5% 
T A 
:= -5SoC 
to +12SoC 
Vcc 
"" 5.0V ± 10% 


Description 


VCM = -15V 
to +15V 
VCM 
= -15V 
to +15V 


Test Conditions 


VOH 
Output 
HIGH 
Voltage 
VDlFF 
= +1 V, IOH - -4OOIlA 
2.5 
4.0 
5.5 
Volts 


VOL 
Output 
LOW Voltage 
VOIFF 
= -lV 
0 
0.4 
Volts 


VIH 
Strobe 
I nput 
HIGH 
Level Voltage 
VOIFF 
- -3V 


2.1 
Volts 


VOUT 
<O.4V, 
lOUT 
= 16mA 


VIL 
Strobe 
I nput 
LOW Level Voltage 
VOIFF 
= -3V 


0.9 
Volts 


VOUT 
"2.5V, 
lOUT 
= -4OOIlA 


-3V<VCM<+3V, 
'OUT 
- -4001lA 
+0.06 
+0.5 


-15V<;VCM<;+15V, 
lOUT 
= -400IlA 
+0.06 
+1.0 
VTH 
Oifferential 
Threshold 
Voltage 
Volts 
-3V<;VCM<;+3V, 
lOUT 
= 16mA 
-0.5 
-0.08 


-15V<;VCM<;+15V, 
lOUT 
= 16mA 
-1.0 
-0.08 


IIH 
Strobe 
Input 
HIGH Current 
VSTROBE 
- 5.5V. 
VOIFF 
- +3V 
0.01 
5.0 
IlA 


IlL 
Strobe 
Input 
LOW Current 
VSTROBE 
= O.4V, VOIFF 
= -3V 
-1.4 
-1.0 
mA 


VCM = +15V 
+3.0 
+4.2 


IIN 
INV 
Inverting 
Input Current 
VCM =OV 
-0.5 
0 
mA 


VCM = -15V 
-4.2 
-3.0 


VCM = +15V 
+5.0 
+7.0 


IIN NINV 
Non-I nverting 
Input Current 
VCM = OV 
-1.6 
-1.0 
mA 


VCM = -15V 
-9.8 
-7.0 


'SC 
Output Short Circuit Current 
VOUT 
= OV, VSTROBE 
= OV, 
--6.7 
-4.5 
-2.8 
mA 
VCC = 5.5V 


VCM = +15V, 
VOIFF 
= -1 V 
+3.9 
+6.0 


ICC 
Power Supply 
Current 


VCM = OV. VOl FF = -0.5V 
+6.5 
+10.2 
mA 
(Each Receiver! 


VCM = -15V, 
VOIFF 
= -lV 
+9.2 
+14.0 


RININV 
Inverting 
Input 
Resistance 
3.6 
5.0 
kn 


RINNINV 
Non-l nverting 
I nput 
Resistance 
1.8 
2.5 
kn 


RTERM 
Input Terminating 
Resistor 
TA-25°C 
120 
170 
250 
n 


Notes: 
1. 
For 
operating 
at elevated 
temperatures, 
the 
device 
must 
be derated 
based 
on a thermal 
resistance 
of 100°CIW 
and 
8 maximum 
junction 
temper.ture 
of 
160°C 
for 
the 
AM7820A. 
or 
1500C/W 
and 
115°C 
maximum 
junction 
temperature 
for 
the 
AM8820A. 


2. 
Typical 
values 
given 
are for 
VCC 
= 5.QV. 
T A = 25°C 
and 
VCM 
= OV unless 
stated 
differently. 


Switching 
Characteristics 
(TA = 25°C) 


Parameters 
Description 


tpHL 
Diffe,.enti"l 
Input to Output 
LOW 
25 
45 
ns 


tPLH 
Oifferential 
Input 
to Output 
HIGH 
VCC~5.0V 
22 
40 
ns 


tpHL 
Strobe 
Input 
to Output 
LOW 
See Switching 
Waveforms 
16 
25 
ns 


tPLH 
Strobe 
Input 
to Output 
HIGH 
15 
30 
ns 


I 


TYPICAL 
PERFORMANCE 
CHARACTERISTICS 


Common-Mode 
Voltage 


Supply Voltage Sensitivity 
Sensitivity 
> 
Temperature 
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SUPPLY 
VOLTAGE 
- 
V 
COMMON-MODE 
VOLTAGE 
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V 
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AMBI ENT TEMPE RATUR 
E _ aC 


Transfer 
Function 
Termination 
Resistance 
Input 
Characteristics 
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DIFFERENTIAL 
INPUT VOLTAGE 
- 
V 
TA - 
AMBIENT 
TEMPERATURE 
_ "c 
INPUT 
VOLTAGE 
(WITH 
RESPECT TO GROUND1-V 


Power Supply 
Current 
Internal 
Power Dissipation 


(Each Receiver) 
(Each Receiver) 
Output 
Voltage 
Levels 
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COMMON 
MODE VOLTAGE-V 
COMMON 
MODE VOLTAGE-V 
TA - 
AMBIENT 
TEMPERATURE 
_ °c 


Differential 
Input 
Delays 
Strobe 
Delays 
Noise Rejection 
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L1e-520 


1~~~T+2.::=- 
------1- 
.l-_ 


-2.5V 
~ 
"-- 


STROBE 
~::~-- 
I=f j 
INPUT 


OV~I 
-1 
B trl~1 
~ 
D I;: 


OUTPUT 
1.3V ------t.==..t- 
---- 
-------t::=.j- 
---- 


A:: 
Differential 
I nput 
to "0" 
Output 


B = Differential 
I nput 
to "'" 
Output 


C = Strobe 
Input to "0" 
Output 


0= 
Strobe 
Input 
to "1" 
Output 


The Am78/8830 
drives a twisted 
pair line which 
is terminated 
at the receiving 
end by an RC network. 
The R is approximately 
equal to 


the line impedance 
(170n) 
and is part of the Am78/8820A 
differential 
receiver. 
The CB is a blocking 
capacitor 
whieh 
stops DC current 


flow, and for low duty cycles reduces power consumption. 
The value of this capacitor 
depends upon the data rate, Cs must be large 


compared 
to fd~A where fd is the data rate. The capacitor 
CR is used to control 
the response time of the receiver and limit 
high frequency 
noise. 
CR 
4 x 103 1~ where C is in pF and tn is the lowest noise frequency 
expected 
in MHz. 


Metallization 
and Pad Layout 
vcc 
14 
13 
12 


Am78/8830 


Distinctive 
Characteristics 


• 
Single 5-volt 
power supply 


• 
Input diodes for prevention 
of line ringing 


• 
Low 
output 
skew between 
NAND 
and AND 
propa- 
gation delays. 


The 
Am78/8830 
is a dual 
differential 
line driver 
suitable 
for 
driving 


differential 
lines 
with 
characteristic 
impedances 
in 
the 
range son 


to 500n. 


Each driver 
consists of a 4-input 
AND 
gate in parallel 
with 
a 4-input 


NAND gate. The inputs 
to the gates are clamped 
to reduce 
the effect 


of 
line 
transients. 
The 
differential 
outputs 
are 
balanced 
and 
have 
approximately 
the 
same 
delay 
so as to minimize 
skew problems, 
and 


have high drive capability 
at both the LOW and HIGH 
logic levels. 


The device is ideal for 
driving 
differential 
transmission 
lines, and forms 
a very 
noise 
insensitive 
balanced digital 
communication 
system with 


excellent 
common 
mode 
noise 
rejection 
when 
used in 
conjunction 


with 
the Am78/8820A 
dual differential 
receiver. 


Package 


Type 


Molded 
DIP 


Ceramic 
DIP 


Hermetic 
DIP 


Hermetic 
Flat 
Pak 


Dice 


~;cc 


Temperature 


Range 


O°C to +75°C 
O°C to +75°C 


-55°C 
to +125°C 


-55°C 
to +125°C 


O°C to +75°C 


-55°C 
to +125°C 


Order 


Number 


DM8830N 


DM8830J 


DM7830J 


DM7830W 


AM8830X 
AM7830X 


• 
Clamped 
outputs 
for 
reduction 
in positive 
and nega- 


tive voltage transients. 


• 
100% reliability 
assurance testing 
in compliance 
with 


M I L-STD-883. 


CONNECTION 
DIAGRAM 


Top 
View 


IN A 
Vcc 


IN A 
IN 
B 


INA 
IN 
B 


INA 
IN 
B 


ANDQUT 
A 
IN 
B 


NAND 
OUT 
A 
AND OUT B 


GND 
NAND OUT B 


Am78/8830 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


-65°C 
to +150°C 


_55°C to +125°C 


-O.5V to +7V 


-O.5V to +Vcc max. 


-O.5V to +5.5V 


100mA 


-30mA 
to +5.0mA 


1sec 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 
(Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


Output 
Current, 
Into Outputs 


DC Input Current 


Output 
Short Circuit Duration 
at 125°C 


T A:: 
aOc to +7SoC 


TA:: -5SoC 
to +12SoC 
Vcc"" 
S.QV ±5% 


Vcc 
= 5.QV 
±10% 


Vcc 
= MIN., 
IOH = -40mA 
1.8 
2.9 


VOH 
Output 
HIGH 
Voltage 
Volts 


VIN = 0.8V 
IOH - -0.8mA 
2.4 
3.3 


Vcc 
= MIN., 
IOL = 40mA 
0.22 
0.5 
VOL 
Output 
LOW Voltage 
Volts 


VIN = 0.8V 
IOL = 32mA 
0.2 
0.4 


VIH 
Input 
HIGH 
Level Voltage 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 


voltage 
for all inputs 


VIL 
Input 
LOW Level Voltage 


Guaranteed 
input 
logical 
LOW 


0.8 
Volts 
voltage 
for all inputs 


IlL 
Input LOW Current 
VCC = MAX., 
VIN = O.4V 
-3.0 
-4.8 
mA 


Input 
HIGH 
Current 
VCC = MAX., 
VIN = 2.4V 
120 
I'A 


IIH 


Input 
HIGH 
Current 
VCC = MAX., 
VIN = 5.5V 
2.0 
mA 


ISC (Not. 
2) 
Output 
Short 
Circuit 
Current 
VCC = 5.0V, 
VOUT = O.OV 
-40 
-100 
-120 
mA 


ICC 
Power 
Supply 
Current" 
VCC = MAX. 
lEach Driver! 
11 
18 
mA 


Note 
1. 
Typical 
limits 
are at Vcc ""5.0V, 
2SoC ambient 
and 
maximum 
loading. 


Note 
2. 
Limits 
for 
TA 
= +12SoC 
only. 


tpLH 
8 
12 
ns 
Delay from 
Inputs 
to Output 
of AND 
Gate 


tPHL 
VCC = 5.0V, 
CL = 15pF 
11 
18 
ns 


tPLH 
See Figure 
1 
8 
12 
ns 


Delay from Inputs to Output 
of NAND 
gate 
5 
8 
tpHL 
ns 


t1 
VCC = 5.0V, 
CL = 5000pF 
12 
16 
ns 


Differential 
Delay 


t2 
RL = lOOn, 
See Figure 
2 
12 
16 
ns 


SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUIT 
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1.5V 


L1C-527 
Figure 1. 
L1C-528 
Figure 2. 
L1C-529 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


0\ltput 
High Voltage 
Differential 
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INPUTS 1 


The 
Am78/8830 
drives a twisted 
pair 
line which 
is terminated 
at the receiving 
end by an RC network. 
The 
R is approximately 
equal to 
the line impedance 
(170n) 
and is part of the Am78/8820A 
differential 
receiver. The Ca is a blocking 
capacitor 
which 
stops DC current 


flow, 
land 
for 
low 
duty 
cycles 
reduces 
power 
consumption. 
The 
value 
of this capacitor 
depends 
upon 
the 
data 
rate, Ca must be large 


compared 
tOf~R 
where 
fd is the data 
rate. The 
capacitor 
CR is used to control 
the response time 
of the receiver 
and 
limit 
high frequency 


noise. 
CR"'" 
4x 10310 
where 
C is in pF and 
tn is the 
lowest 
noise frequency 
expected 
in MHz. 


vcc 
2 1 
141312• 


• 
3 
11 


4 
,,'- 
• 
~ oJ 
10 


5 
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6 
8 
7 
GNO 


Am78/8831·Am78/8832 


Distinctive Characteristics 


• 
Three-State Line Drivers pin-for-pin equivalent to the 
DM78/8831 and DM78/8832 
• 
Mode control for quad single-ended or dual differen- 
tial operation 
• 
Common bus operation 
• 
High-drive capability 


• 
40 mA sink and source current 


• 
Series54/74 compatible 


• 
13nstypical propagation delay 


• 
100% reliability 
assurancetesting in compliance with 


MIL-STD-883 


FUNCTIONAL 
DESCRIPTION 


The Am78/8831 
and Am78/8832 
line drivers 
can be used either 
as 


a quad 
single-ended 
driver 
or 
as a dual 
differential 
driver. 
Each 


driver has a three-state 
output 
making the device particularly 
suit- 


able for 
party-line 
operation 
where several drivers are directly 
con- 


nected 
to 
the 
same bus. The 
Am78/8832 
does not 
have the VCC 


clamp diodes found 
on the Am74/8831. 


When 
used for 
single-ended 
operation 
the two 
differential/single- 


ended 
control 
inputs 
are held LOW. The device then 
operates 
as 


four 
independent 
non-inverting 
drivers. For differential 
working 
at 


least one differential/single-ended 
control 
input 
is held 
HIGH. 
The 


A-channel 
inputs 
are connected 
together 
and the 8-channel 
inpu.ts 


are connected 
together. 
Signal inputs will then pass non-inverted 
to 


the A2 and B2 outputs and inverted on the A1 and B1 outputs. 
For party-line 
operation 
outputs 
of different 
channels are tied to- 


gether, anq outputs 
of all channels except 
one are forced into the 


third 
high impedance 
state by having at least one of the channel 


disable inputs 
HIGH. The channel that is enabled has both channel 


disable inputs 
LOW, and the low-output 
impedance 
of this output 


at 
both 
logic levels controls 
the 
level of the bus, provides 
good 


capacitance 
drive and insures good waveform integrity. 


The channel 
which 
is enabled 
can conveniently 
be selected 
by a 


decoding 
matrix 
using 
Am9301 
1-of-10 
or Am9311 
1-of-16 
active 
LOW output 
decoders. 
The high drive capability at both logic levels 


enables drivers to drive a low impedance 
Iine and still supply the 


inverse leakage current 
of several disabled drivers. 


I 
Am7818831 
Am78/8832 
I 


"m,,,,,U=:s 
SINGLE·ENDED 
9 


MODE CONTROL 


A 
liN 
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CONNECTION 
DIAGRAM 


Top View 


Am78/ 
8831 
Order 
Number 


Am78/ 
8832 
Order 
Number 


~B 
v" 


EB 
~A 


820UT 
~A 


B21N 
A20UT 


B10UT 
A21N 


BllN 
AlOUT 


DISE 
A'IH 


DfSE 


O°C to +75°C 
O°C to +75°C 
O°C to +7SoC 
_55°C to +125°C 
-55°C 
to +125°C 
_55°C to +125°C 


DM8831N 
DM8831J 
AM8831X 


DM7831J 
DM7831W 
AM7831X 


DM8832N 
DM8832J 


AM8832X 
DM7832J 
DM7832W 
AM8832X 


_65°C 
to +150°C 


-55°C 
to +125°C 


-0.5Vto+7V 


-0.5 
V to +Vcc max 


-0.5 
V to +5.5 V 


30 mA 


-30 
mA to +5.0 mA 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
(pin 16 to Pin 8) Continuous 


DC Voltage Applied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


Output 
Current, 
Into Outputs 


DC Input Current 


Time that 2 Bus·Connected 
Devices May Be in Opposite 
Low Impedance 
States Simultaneously 


Am8831. Am8832 
T A = Ooc 
to 
+75°C 
VCC 
= 5.QV 
±5% 
(COM'U 
MIN.: 
4.75V 
MAX. 
: 
5.25V 


Am7831, 
Am7832 
T A 
= _55°C 
to +125°C 
VCC 
= 5.DV 
±10% 
(MIL) 
MIN.: 
4.5V 
MAX. 
: 
5.5V 


Typ. 
Parameters 
Description 
Test Conditions 
Min. 
(Note 
1) 
Max. 
Units 


IOH: 
-40 
mA 
1.8 
2.8 


VOH 
Output 
HIGH 
Voltage 


Vcc: 
MIN., 
Am7831,32 
IOH: 
-2 
mA 
Volts 


VIN: 
VIH or VIL 
2.4 
3.1 


Am8831,32 
IOH: 
-5.2 
mA 


VCC - MIN., 
IOL-40mA 
0.29 
0.5 
VOL 
Output 
LOW Voltage 
Volts 


VIN: 
VIH or VIL 
IOL - 32 mA 
0.2 
0.4 


VIH 
Input 
HIGH 
Level Voltage 
Guaranteed 
input 
logical HIGH 
voltage for all inputs 
2.0 
Volts 


VIL 
Input 
LOW Level Voltage 
Guaranteed 
input 
logical LOW voltage for all inputs 
0.8 
Volts 


IL 
Unit 
Load 
VCC: 
MAX., 
VIN : 0.4 V 
-1.0 
-1.6 
mA 
Input 
LOW Current 


IIH 
, 


Unit 
Load 
Vee: 
MAX., 
VIN : 2.4 V 
6.0 
40 
/lA 


Input 
HIGH 
Current 


II 
Input 
HIGH 
Current 
Vce 
- MAX., 
VIN - 5.5 V 
1.0 
mA 


VCC: 
MAX., 
E: 
2.4 V, VOUT: 
2.4 V 
5. 
40 
ILK 
Output Leakage Current 
Vee 
: MAX., 
E: 
2.4 V, VOUT: 
0.4 V 
-5 
-40 
/lA 


VI 
Input 
Clamp 
Diode 
Voltage 
Vee 
- 5.0 V,II: 
-12 
mA, TA - 25°e 
-1.5 
Volts 


Vo 
Output 
Clamp 
Diode Voltage 
Vee 
- 5.0 V,II 
-12 
mA, TA - 25°e 
vCC+ 1.5V 
Volts 


Am78/8831 
Only 


Vo 
Output 
Substrate 
Diode 
Voltage 
Vee: 
5.0 V, II: 
-12 
mA, TA: 
25°e 
-1.5 
Volts 


Ise 
Output 
Short Circuit 
Current 
Vee: 
MAX., 
VOUT: 
0.0 V, T A: 
MAX. 
-40 
-120 
mA 


(Note 
2) 


Ice 
Power Supply 
Current 
Vce 
= MAX. 
57 
90 
mA 


SWITCHING 
CHARACTERISTICS 
(TA = 25°) 


Parameters 
Description 


tpLH 
Delay from 
Inputs A 1. A2, 81. 82 and 
13 
25 
ns 


tpHL 
Single-Ended/ 
Difl. 
Control 
to Output 
13 
25 
ns 


tHZ 
Delay from Output Enable to Output 
6 
12 
ns 


tLZ 
14 
22 
ns 


tZH 
Delay from Output 
Enable to Output 
14 
22 
ns 


tZL 
18 
27 
ns 


TYPICAL 
PERFORMANCE 
CHARACTERISTICS 


Propagation 
Delay from Input 
Propagation 
Delay from Input 
Propagation 
Delay from Input 
to Output 
(Channel 
1) 
to Output 
(Channel 
1) 
to Output 
(Channel 
2) 
30 
vec· 
s'.ov 


30 
30 


vCG 
=SI.OV 
Vec·5.0V 
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25 
~ 
25 
~ 
25 
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~ 
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tpLH 
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'0 
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'0 
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I 
~ 
Differential/Single 
Ended Mode 
~ 
Differential/Single 
Ended Mode 
5 -IConr 'I""'T LI',ca'I"'"1- 
5 


0 
Control Inputs al Logical "0" 


0 
0 


-75 -50 -25 
0 
25 
50 
75 
100 
125 
75 -50 
25 
0 
25 
50 
75 
100 
'25 
-75 -50 -25 
0 
25 
50 
75 
100 
125 


TA - AMBIENT 
TEMPERATURE 
-'C 
TA - 
AMBIENT 
TEMPERATURE 
- °c 
T A - 
AMBIENT 
TEMPERATURE 
- °c 


Delay from Disable to High 
Delay from Disable to Low 
Propagation 
Delay 


Impedance 
State 
Impedance 
State 
Versus Load Capacitance 


30 
30 
, 
60 


V~~ J toJ 
vec'" 5.0V 
VCr" 
50V 


25 
25 
~ 
50 
T A"25°C 


-L 
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./ 
- 


>- 
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20 
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.-' 
~ 
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:.- 
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15- 
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-- 
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~ 
....-~ 
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'" 
20 


L~ 


10 
'0 
" 
"/ 
'HZ 
;t 
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5 
~ 
'0 
w\.\'\ 


0 
0 
0 
III 
-75 -50 -25 
0 
25 
50 
75 
100 
125 
-75 -50 
-25 
0 
25 
50 
75 
100 
125 
'0 
100 
1000 
10,000 


TA - 
AMBIENT 
TEMPERATURE 
_oc 
TA-AMBIENTTEMPERATURE 
_ nC 
Cl 
- 
LOAD 
CAPACJT 
ANCE 
~ pF 


Total Supply 
Logical 'T' Output 
Voltage 
Logical "0" Output 
Voltage 


Current 
Versus Frequency 
Versus Source Current 
Versus Sink Current 


4 
0.5 


2;'C 
/ 
// 
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"- 
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60 
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'-.. ~ 
25!C--+-+- 
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I 
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10 
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, 
'0 
'00 
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40 
80 
'20 
'60 
0 
20 
40 
60 
80 
100 


FREQUENCY. - 
(MHz) 
IOH - 
OUTPUT 
CURRENT 
- 
mA 
tOL - OUTPUT CURRENT 
-mA 


lOUT Versus VOUT High 
Propagation 
Delay 
Impedance 
Output 
State 
in Differential 
Mode 
INPUT Al - 
OUTPUT 
A1 


I 


30 
INPUT 
V, 


'" 
+40 


Vcc 
= 5.0V 
VCC = 5.0V 
E 
J25"'C 
Am7831/ 
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20 
Am8831 
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...••.. 
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'---- 
v2 
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u 
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:5 
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J- 


'~--55~C 


·0 
10 
'pdl_ - 
:> 
-20 


1'5V 


0 
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c 
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I 
- 
~l---25°C 
1.5V 


J- 
~i25'c 
5 
:> 
,. 
C 


5> -40 


I 
I 
'pd' 


~ 


0 


-2 
0 
2 
4 
6 
8 
-50 
0 
50 
'00 
OV 
ov 


Your 
- OUTPUT VOLTAGE-V 
T A - 
AMBIENT 
TEMPEA.A,TURE 
- DC 
V2-V1 


L1C~535 
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\ 
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tr.lf< 
lOns 
/ 
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1/ 
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/I 


OUTPUT 
\ ' 
. \. 
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WAVErOR'I\ 
,NPUTS 
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WAVEfORM 
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OUTPUTS 
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MUSTe£ 
-- 


DON TCAI'l[ 
C ••••••• 
C,Ir-.,<; 
Will 
BE 
STEADv 
STEAOY 
A"I"'CHAI'oCf 
HATE 
--- 
PEI!MnTEO 
"111(1'.,0.0.'" 
- 


MAYC>l"''lGE 
\\ILllIE 
H 


CENTEA 


( ••.••."'GING 
OOfSMH 
LIN[ISHIC,>J 


FROM 
H 
TO 
L 
FRO~\ H TO l 
APPcY 
IMPEDANCE 


OFF·srAH 


lJJ]JJ 


MAVCHJV.Cf 
WllllH 


FROt.ll 
TOH 
00"'''(,'/1,(, 
fllO\\ l TO" 


Am78311 
Am8831 
Am7832/ 
Am8832 


Switch S, 
Switch S2 
CL 


tpLH 
closed 
closed 
50 pF 
tPHL 
closed 
closed 
50 pF 


tHZ 
closed 
closed 
• 5 pF 


tLZ 
closed 
closed 
• 5 pF 


'ZL 
closed 
open 
50 pF 


tZH 
open 
closed 
50 pF 


VOH 


VOH -o.sv 


1.5V 


VOL 
+O.SV 


Val 


VOH 


VOH -O.sV 


1.SV 


VOL 
+O.SV 


Val 


TRUTH TABLE 


(Shown for A ChannelsOnly) 


SINGLE-ENDED/ 
IN 
OUT 
IN 
OUT 


DIFF 
CONTROL 
A ENABLE 
Al 
Al 
A2 
A2 


L 
L 
L 
L 
A1 
A1 
A2 
A2 


H 
X 
L 
L 
A1 
A1 
A2 
A2 


X 
H 
L 
L 
A1 
1\1 
A2 
A2 


X 
X 
H 
X 
X 
F 
X 
F 


X 
X 
X 
H 
X 
F 
X 
F 


H = HIGH 
Voltage 
Level 
L = LOW Voltage 
Level 


X = Don't 
Care 
F = Floating 
Output 


TABLE 
I 


Interfacing 
Digital 
Family 


Advanced 
Micro 
Devices 54/7400 


Advanced 
Micro 
Devices 9300/2500 
Series 


FSC Series 9300 


TI Series 5417400 
Signetid Series 8200 


National 
Series OM 75/85 


DTL 
Series 930 


Equivalent 
Input Unit 
Load 
HIGH 
LOW 


1 
1 


1 
1 


1 
1 


1 
1 


2 
2 


1 
1 


12 
1 


Input 


Input/Output 
Pin No.'s 
Unit 
Load 


Enable 8 


Enable 
8 


Fan-out 


Output 
Output 
HIGH 
LOW 


82 Out 


821n 


81 Out 


81 In 


SE/Diff 


GND 


SE/Diff 


A11n 


A10ut 


A21n 


A20ut 
EmibieA 


Enable A 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


TABLE 
II 


30 
~ 2.8 
MINIMUM lOGIC 
...~ 2.• 
'HIGH" OUTPUT 


VOH, 
0> 
2.4 
VOLTAGE 
, 
---B~~~__ 
~ 22 
VlH2 


~ 
20 


1.8 
NOISE 
MINIMUM 
lOGIC 


~ 


IMMUNITY 
"HIGH" 
INPUT 


~ I. 
(High 
level) 
VOLTAGE 


0 
14 
> 
1.2 
... 
ir 
10 
V1L2 
~ 
08 
MAXIMUM LOGIC v~~I~i1~f- 


"LOW" OUTPUT 
MAXIMUM 
LOGIC 
g D. 
VOLTAGE 
"LDW" INPUT 


=> 
O. 
VOLTAGE 


0 
02 
NOISE 


IMMUNITY 
00 
(Low 
level! 


DRIVING DEVICE 
DRIVEN 
DEVICE 


\ 


~H' 
VI~' 
~.~ 


~Ll 
VI~ 


DRIVING 
DRIVEN 


DeVICE 
DEVICE 


I 
Am78/B831 
Am78!8832 


I 


A, 
A2 
B1 
82 


I 


Am78/8831 
Am78/B832 
I 


A, 
A2 
8, 
82 


CHANNEL 
SELECT 


INPUTS 


A, 
A3 
AO 
A, 
A, 
A3 


Am9301 
DECODER 
STROBE 


0 , , 
3 , , 6 
7 
8 
9 


Metallization 
and Pad Layout 


vcc 
16 


SINGLE 


DIFFERENTIAL 


---BU$ 
---TOAm9615 


RECEIVER 


QUAD 


SINGLE 
ENDED 
8U' 
TO Am2615 


RECEIVER 


Am7838· Am8838 


• 
4 totally 
separate 
driver/receiver 
pairs per package. 


• 
1V typical 
receiver input hysteresis 


• 
Receiver hysteresis 
independent 
of receiver output 
load 


• 
Guaranteed 
minimum 
bus noise immunity 
of 1.3V, 2V typo 


• 
Temperature 
insensitive 
receiver thresholds 
track 
bus logic 
levels 


• 
20f..lAtypical bus terminal 
current 
with normal Vcc or with 


VCC = OV 
• 
Open collector 
driver output 
allows wire-OR connection 
• 
High-Speed 


• 
Series 
74 
TTL 
compatible 
driver 
and 
disable 
inputs 
and 


receiver outputs 


• 
Advanced 
Schottky 
processing 


The Am7838 
• Am8838 
are quad high-speed drivers/receivers 


designed 
for use in bus organized 
data 
transmission 
systems 


interconnected 
by 
terminated 
120n 
impedance 
lines. 
The 


external 
termination 
is intended 
to be a 180n 
resistor 
from 


the bus to the +5V logic supply together 
with a 390n 
resistor 


from the bus to ground. 
The bus can be terminated 
at one or 
both ends. 
Low bus pin current 
allows up to 27 driver/receiver 
pairs to utilize 
a common 
bus. The bus loading 
is unchanged 


when Vcc = OV. The receivers incorporate 
hysteresis 
to greatly 


enhance 
bus noise 
immunity. 
One two-input 
NOR gate is in- 
cluded 
to 
disable 
all drivers 
in a package 
simultaneously. 


Receiver 
performance 
is optimized 
for systems 
with 
bus rise 


and fall times';;; 
1.0f..ls/V. 


" 
" 
'3 
"0, 
'3 


Am78/8838 
0, 
'0 
QUAD UNIFIED 
BUS 
°3 
TRANSCEIVER 


CONNECTION 
DIAGRAM 


Top View 


BUS3 
VCC 


'N 3 
BUS 
1 


Package 
Temperature 
Order 


Type 
Range 
Number 
OUT 3 
'N' 


Hermetic 
DIP 
-55°C 
to +125°C 
DS7838J 
BUS4 
OUT 1 


Hermetic 
DIP 
O°C to +70°C 
OS8838J 


Molded DIP 
O°C to +70°C 
DS8838N 


'N' 
BUS 
2 


OUT4 
IN' 


DISABLE B 
OUT 2 


GND 
DISABLE A 


Power Dissipation 


Operating 
Temperature 
Range 


Am7838 


Am8838 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


_55°C 
to +125°C 


O°C to +70°C 


-65°C 
to +150°C 


300°C 


ELECTRICAL 
CHARACTERISTICS 


The following 
conditions 
apply unless otherwise 
specified: 


Am7838 
(MIL) 
TA""-5S0Cto+12Soc 
VCCM1N==4.50V 


Am8838 
(COM'U 
T A::: aOc 
to +70oC 
VCCM1N 
= 4.75V 


Parameters 
Description 


Driver and Disable Inputs 


VCCMAX 
= 5.50V 


VCCMAX 
= 5.25V 


Test Conditions 


VIH 
Logical 
"'" 
Input 
Voltage 
2.0 
Volts 


Vil 
Logical 
"0" 
Input 
Voltage 
0.8 
Volts 


I, 
Logical 
"1" 
Input 
Current 
VIN 
= 5.5V 
1.0 
mA 


IIH 
Logical "1" 
Input Current 
VIN 
- 2.4V 
40 
J.lA 


III 
Logical "0" 
Input Current 
VIN 
- O.4V 
-1.6 
mA 


Vel 
Input 
Diode 
Clamp 
Voltage 
1015 = -12mA,IIN 
- -12mA, 
IBUS - -12mA, 
-1.0 
-1.5 
Volts 


TA = 25°C 


VOlB 
Low 
Level 
Bus Voltage 
VOIS 
= 0.8V, 
VIN 
= 2.0V, 
IBUS = 50mA 
0.4 
0.7 
Volts 


IIHB 
Maximum 
Bus Current 
VIN 
= 0.8V, 
VBUS = 4.0V, 
Vee 
= VMAX. 
20 
100 
J.lA 


IllB 
Maximum 
Bus Current 
VIN 
= 0.8V. 
VBUS = 4.0V. 
Vee 
= OV 
2.0 
100 
J.lA 


Am7838 
1.65 
2.25 
2.65 
VIH 
High 
Level Receiver 
Threshold 
VI NO = 0.8V, 
VOL 
= 16mA 
Volts 
Am8838 
1.80 
2.25 
2.50 


Am7838 
0.97 
1.30 
1.63 
Vil 
Low 
Level Receiver 
Threshold 
VINO 
=0.8V, 
VOH = -400J.lA 
Volts 
Am8838 
1.05 
1.30 
1.55 


VOH 
Logical "1" 
Output 
Voltage 
VIN 
= 0.8V, 
VBUS = 0.5V, 
10H = -400J.lA 
2.4 
Volts 


VOL 
logical 
"0" 
Output 
Voltage 
VIN 
= 0.8V. 
VBUS 
= 4.0V, 
10l 
= 16mA 
0.25 
0.4 
Volts 


'OS 
Output 
Short 
Circuit 
Current 
VOIS 
= 0.8V. 
VIN 
- 0.8V, 
VBUS - 0.5V, 
-18 
-55 
mA 
VOS = OV, Vee 
= VMAX. 
(Note 3) 


Ice 
Supply Current 
VOIS 
= OV, VIN 
= 2.0V, 
(Per Package) 
50 
70 
mA 


Disable 
to Bus "'" 
(Note 4) 
19 
30 
ns 


Disable 
to Bus "0" 
(Note 41 
15 
23 
ns 


Driver 
Input 
to Bus "1" 
(Note 41 
17 
25 
ns 


tpd 
Propagation 
Delays 
Driver 
Input 
to Bus "0" 
(Note 41 
9.0 
15 
ns 


Bus to Logical 
"1" 
Receiver 


Output 
(Note 5) 
20 
30 
ns 


Bus to Logical 
"0" 
Receiver 
(Note 6) 
18 
30 
Output 
ns 


Notes: 
1. 
Typical 
values 
are for 
TA 
=2SoCand 
VCC 
=5.0V. 


2. 
All 
currents 
into 
device 
pins 
shown 
as positive, 
out 
of device 
pins as negative, 
all voltages 
referenced 
to ground 
unless otherwise 
noted. 
All 
values 


3. 
Only 
one 
output 
at a time 
should 
be shorted. 


4.91[2 
from 
bus pin 
to 
VCC 
and 
200n 
from 
bus pin 
to 
ground, 
CLOAO 
= 
15pF 
total. 
Measured 
from 
VIN 
= 1.5V 
to 
VSUS 
= 1.5V, 
VIN 
= OV to 
3.0V 
pulse. 


5. 
Fan-out 
of 
10 
load, 
CLOAO 
= 15pF 
total. 
Measured 
from 
VIN 
= 1.3V 
to 
VOUT 
= 1.5V. 
VIN 
= OV to 3.0V 
pulse. 


6. 
Fan-out 
of 
10 
load, 
CLOAD 
= 15pF 
total. 
Measured 
from 
VIN 
= 2.3V 
to 
VOUT 
= 1.5V, 
VIN 
= OV to 3.0V 
pulse. 


Am8T26 


Distinctive 
Characteristics 


• 
Advanced 
Schottky 
technology 


• 
40mA driver sink current 


• 
Three-state 
outputs 
on driver and receiver 


• 
PNP inputs 


• 
20ns max. driver propagation 
delay 


• 
18ns max. receiver propagation 
delay 


• 
100% reliability 
assurance 
testing 
in compliance 
with 


MIL-STD-883 


The 
Am8T26 
is a high 
speed 
bus transceiver 
consisting 
of 


four 
bus 
drivers 
with 
three-state 
outputs 
and 
four 
bus 
receivers, 
also with 
three-state 
outputs. 
Each driver 
output 
is internally 
connected 
to a receiver 
input. 
Both the 
drivers 
and receivers have PNP inputs. 


One 
buffered 
common 
"bus 
enable" 
input 
is connected 
to 
the 
four 
drivers 
and 
another 
buffered 
common 
"receiver 


enable" 
input 
is connected 
to the 
receivers. 
A LOW on the 
bus enable 
(B/E) 
input 
forces 
the 
four driver outputs 
to the 
high-impedance 
state. 
A 
HIGH 
on 
the 
bus 
enable 
allows 
input data to be transferred 
onto the data bus. 


A HIGH on the 
receiver 
enable 
(R/E) 
input 
forces 
the 
four 


receiver 
Qutputs 
to 
the 
high-impedance 
state 
while 
a LOW 


on the 
receiver 
enable 
input 
allows the 
received 
data 
to be 
transferred 
to the 
output. 
The complementary 
design of the 


bus 
enable 
and 
receiver 
enable 
inputs 
allows 
these 
control 


inputs 
to be connected 
together 
externally 
such that a single 
transmit/receive 
function 
is derived. 


12 


15 
·0 


"E 
., 
Am8T26 
., 
11 
./E 


·3 


'0 
" 
" 


14 


'3 


'0 
13 


Vcc 
= Pin 16 


GND=Pin8 


LOGIC DIAGRAM 


DO 
0, 
0, 
03 


'41 
171 
'91 
(12) 


(15) 


"E 


131 
'0 


151 


" 


1101 


" 


(13) 


'3 


(1) 


./E 


·0 
., 
., 
·3 
L1C-545 


ORDERING 
INFORMATION 
CONNECTION 
DIAGRAM 


Top View 


Package 
Temperature 
Order 
Vec 
B/E 
·3 
·3 
03 ., ., 
0, 


Type 
Range 
Number 


Molded DIP 
O°C to +75°C 
N8T26B 


Hermetic 
DIP 
O°C to +75°C 
N8T26F 


Dice 
O°C to +75°C 
AM8T26XC 


Hermetic 
DIP 
-55°C 
to +125°C 
S8T26F 


Dice 
-55°C 
to +125°C 
AM8T26XM 


./E 
·0 
·0 
00 ., ., 
0, 
GNO 


Note: 
Pin 
1 is marked 
for 
orientation. 
lIC-546 


4-190 


Am8T26 


MAXIMUM RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 
(Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V to +Vee max. 


-O.5V 
to +5.5V 


30mA 


-30mA 
to +5.0mA 


T A 
== aOc to +7SoC 


T A 
= -5SoC 
to +12SoC 
Vcc 
~ 5.QV ±5% 


Vcc 
= 5.0V 
±10% 


Typo 


(Note 2) 


VOH 
Driver Output 
HIGH 
Voltage 
Vee 
~ MIN., 
10H ~ -10mA 
2.6 
3.1 
Volts 
VIN ~ VIH or VIL 


VOL 
Driver Output 
LOW Voltage 
Vee 
- MIN., 10L - 40mA 
0.5 
Volts 
VIN ~ VIH or VIL 


VOH 
Receiver 
Output 
H IG H Voltage 
Vee 
- MIN. 
1I0H - -2mA. 
eOM'L 
2.6 
3.1 
Volts 
VIN ~VIHorVIL 
IIOH --lmA,MIL 
2A 


VOL 
Receiver Output 
LOW Voltage 
Vee 
- MIN., 
10L = -16mA 
0.5 
Volts 
VIN = VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed 
input logical HIGH 
2.0 
Volts 
voltage 
for all inputs 


VIL 
Input LOW Level 
Guaranteed input 
logical LOW I 
eOM'L 
0.85 
Volts 
voltage 
for all inputs 
I 
MIL 
0.80 


VI 
Input Clamp Voltage 
Vee 
~ MIN.,IIN 
~ -SmA 
-1.0 
Volts 


IlL 
Input 
LOW Current 
Vee 
= MAX., 
VIN = OAV 
-0.2 
mA 
(Note3) 


IIH 
Input 
HI G H Current 
Vee 
= MAX., 
VIN = 5.25V 
25 
IJ,A 
(Note 3) 


Output Short Circuit Current 
_ 
_ 
I 
Driver 
-50 
-150 
Ise 
(Note 4) 
Vee 
- MAX., 
VOUT - O.OV I Receiver 
-30 
-75 
mA 


Ice 
Power Supply Current 
Vee 
~ MAX. 
87 
mA 


10 
Bus Leakage 
Current 
with 
Vee 
= MAX., 
VBUS = 2.6V 


100 
IJ,A 
Driver Off 
.VIN=VIHorVIL 


Notes: 
1. 
For 
.co.nd.iti~ns 
shown 
as MIN. 
or MAoX .. use.the 
appropri~te 
value 
s~ecified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
TYPical 
limits 
are at 
VCC 
= 5.0V. 
25 
C ambient 
and 
maximum 
loadmg. 


3. 
Actual 
input 
currents 
= Unit 
Load 
Current 
x Input 
Load 
Factor 
(See 
Loading 
Rules). 
4. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


'PLH 
Driver 
Input 
to 
Bus 
16 
20 


Figure 
1 
ns 
tpHL 
16 
20 


tPLH 
13 
18 


'PHL 
Bus to 
Receiver 
Output 
Figure 
2 
ns 
6 
'10 


I-'ZL 
_ 
29 
3B 
Driver 
Enable 
to 
Bus 
Figure 
3 
ns 
'LZ 
35 
43 


'ZL 
Receiver 
Enable 
to 
20 
30 


'LZ 
Receiver 
Output 


Figure 
4 
ns 


10 
17 


°0.0,.°2.°3 
The four driver inputs. 
Bo, B,. B2. B3 The four 
driver 
outputs 
and receiver 
inputs 
(data is Inverted). 


Ro• R,. R2. R3 
The four 
receiver 
outputs. 
Data from the 
bus is inverted 
while data 
from 
the driver 
inputs 
is non· 
inverted. 


B/E 
Bus enable 
input. 
When the bus enable input is LOW, 
the four driver outputs 
are in the high-impedance 
state. 


R/E 
Receiver enable input. When the receiver enable input 
is HIGH, the four receiver outputs 
are in the high-impedance 
state. 


Input/Output 
Pin No:s 


R/E 
1 


RO 
2 


80 
3 


DO 
4 


R1 
5 


81 
6 


01 


GNO 
8 


02 
9 


82 
10 


R2 
11 


03 
12 


83 
13 


R3 
14 


8/E 
15 


Vcc 
16 


LOW 
Input 
Unit Load 


1/8 


Fan-out 
Output 
Output 
HIGH 
LOW 


50 
10 


250 
25 


50 
10 


250 
25 


INPUTS 
OUTPUT 


B/E 
°i 
Bj 


L 
X 
Z 


H 
L 
H 


H 
H 
L 


L = LOW 
H = HIGH 
i =O,1,2,or 3 


INPUTS 
OUTPUT 


R/E 
Bj 
Rj 


H 
X 
Z 


L 
L 
H 


L 
H 
L 


L = LOW 
H = HIGH 


i = O. 1.2. or 3 


I 
I[i] 


I 
Fli 


INPUT~ 


'PHL:::'.j 
f--- --1 r.= 'PLH 


OUTPUT~ 


INPUT 
PULSE: 


If· 
If" 
50S (10% 
to 90%) 
freq •• lOMHz ISO"'-duty cyclel 


Amplitude 
•• 2.GV 


Vec" 
5.0V 


BO 


B/E 
B, 


R/E 
B2 


°0 
B3 


0, 
RO 


°2 
R, 


03 
R2 


R3 


INPUT~ 


'PHL:::'.j r- --1 
r.:::: 'PLH 


OUTPUT~ 


INPUT 
PULSE: 


Ir" 
If 
•• 5ns 
(10% 
to 90%) 


freq" 
lOMHz 
[50% 
duty 
cycle) 


Amplitude" 
2.GV 


2.6v 
Vee 


BO 


B/E 
B, 


R/E 
B2 


00 
B3 


0, 
RO 


°2 
R, 


°3 
R2 


R3 


'NPUT~ 


'ZL:::'.j r- -1 
'LZ 


OUTPUT 
~--l.5V 
!~ 


~'O% 


INPUT 
PULSE 
Ir" 
',- 
5ns {1~ 
to 90%1 


Ireq 
•• SMHz 
{SO%dut 
..••cyclel 


Amplitude" 
2.6V 


INPUT PULSE 
If - If '" 5ns 
{to% 
to 90%1 
freq 
•• SMHz 
(50% 
duty 
cycle) 


Amplitude" 
2.GV 


DO 
·0 
., 
·2 
·3 
RO 
DO 
·0 
., 
·2 
·3 
RO 


DATA 
[ 


0, 
R, 
IDATA 
DATA [ 


0, 
R, 


IOATA 
IN 
O2 
Am8T26 
R2 
OUT 
IN 
Am8T26 
R2 
OUT 
O2 


03 
R3 
03 
R3 


H = TRANSMIT 
H '"' TRANSMIT 
a 


L" RECEIVE 
L- 
RECEIVE 


R/E 
'5 
./E 


RO 
2 
,. 
R3 


·0 
3 
'3 
·3 


DO • 
'2 
03 


R, 
5 
11 
R2 
., 
6 
'0 
·2 


0, 
7 
O2 


Am8T26A·Am8T28 


Distinctive 
Characteristics 


• 
Advanced 
Schottky 
technology 


• 
48mA 
driver sink current 


• 
Three-state 
outputs 
on driver and reciever 


• 
PNP inputs 
• 
Am8T26A 
has inverting 
outputs 
• 
Am8T28 
has non-inverting 
outputs 


FUNCTIONAL 
DESCRIPTION 


The 
Am8T26A/Am8T28 
are 
high speed 
bus transceivers 


consisting 
of four 
bus drivers with three-state 
outputs 
and 
four bus receivers, also with three-state 
outputs. 
Each driver 


output 
is internally 
connected 
to a receiver input. 
Both the 


drivers and receivers have PNP inputs. 


One buffered 
common 
"bus enable" 
input 
is connected 
to 
the 
four 
drivers 
and another 
buffered 
common 
"receiver 


enable" 
input 
is connected 
to the receivers. 
A LOW on the 


bus enable 
(B/E) input forces the four driver outputs 
to the 


high-impedance 
state. 
A HIGH 
on the 
bus enable 
allows 


input data to be transferred 
onto the data bus. 


A HIGH on the receiver enable 
(R/E) input forces the four 
receiver 
outputs 
to the high-impedance 
state while a LOW 


on the receiver enable 
input allows the received data to be 
transferred 
to the output. 
The complementary 
design of the 


bus enable 
and receiver enable 
inputs 
allows these control 


inputs to be connected 
together 
externally 
such that a single 


transmit/receive 
function 
is derived. 


• 
Driver 
propagation 
delay 
- 
14ns max. 
for 
8T26A; 


17ns max. for 8T28 
• 
Receiver propagation 
delay 
- 
14ns max. for 
8T26A; 


17ns max. for 8T28 
• 
100% reliability 
assurance testing 
in compliance 
with 


MIL-STD-883 


LOGIC SYMBOL 


'2 


RO 


./E 
R, 
Am8T26A 


R2 
11 


RIE 


R3 


" 
·0 
., 
·2 
·3 


10 
'3 


Am8T26A 
Inverting Output 
(Three-State) 
Am8T28 
Non-Inverting 
Output 
(Three-State) 


ORDERING 
INFORMATION 


Am8T26A 
Am8T28 


Package 
Temperature 
Order 
Order 


Type 
Range 
Number 
Number 


Molded DIP 
DOCto +75°C 
N8T26AB 
N8T28B 


Hermetic 
DIP 
DOCto +75°C 
N8T26AF 
N8T28F 


Dice 
DOCto +75°C 
AM8T26AXC 
AM8T28XC 
Hermetic 
DIP 
-55°C 
to +125°C 
S8T26AF 
S8T28F 


Dice 
-55°C 
to +125°C 
AM8T26AXM 
AM8T28XM 


CONNECTION 
DIAGRAM 


(Top View) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
(Pin 16 to Pin B) Continuous 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Receiver) 


DC Output 
Current, 
Into Outputs 
(BUS) 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V 
to +VCC max. 


-O.5V 
to +5.5V 


30mA 


BOmA 


-30mA 
to +5.0mA 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


The Following 
Conditions 
Apply Unless Otherwise 
Noted: 


N8T26A. 
NST28 
T A = aOc to +75°C(COM'U 
MIN. 
= 4.75 
V 
MAX. 
= 5.25 
V 


S8T26A, 
S8T28 
TA 
= _55°C 
to +125°C(MIL) 
MIN. 
= 4.5QV 
MAX. 
= 5.5QV 


Parameters 
Driver 


Typ. 


(Note 
2) 


IlL 
Low 
Level 
I nput 
Current 
VIN=O.4V 
-200 
I"A 


IlL 
Low 
Level 
Input 
Current 
(Disabled) 
VIN 
=O.4V 
-25 
I"A 


IIH 
High Level Input 
Current(DIN, 
DE) 
VIN = VCCMAX. 
25 
I"A 


VOL 
Low 
Level Output 
Voltage 
lOUT = 48mA 
(Note 5) 
0.5 
Volts 


VOH 
High Level Output 
Voltage 
lOUT = -10mA. 
VCC = VCCMIN 
(Note 6) 
2.4 
Volts 


10S 
Short Circuit Output 
Current 
VOUT 
= OV. VCC - VCCMAX.(Note 
4) 
-50 
-150 
mA 


IlL 
Low Level Input Current 
VIN 
=O.4V 
-200 
I"A 


IIH 
High Level Input 
Current IREI 
VIN = VCCMAX. 
25 
I"A 


VOL 
Low 
Level Output 
Voltage 
lOUT = 20mA (Note 5) 
0.5 
Volts 


lOUT = -1001"A, 
VCC = 5.0V 
3.5 
VOH 
High 
Level Output 
Voltage 
Volts 


lOUT = -2.0mA 
(Note 6) 
2.4 


10S 
Short Circuit Output 
Current 
VOUT = OV, VCC = VCCMAX. 
-30 
-75 
mA 


VTL 
Low 
Level 
Input 
Threshold 
Voltage 
0.85 
Volts 


VTH 
High 
Levell 
nput 
Threshold 
VOltage 
2.0 
Volts 


10 
Low 
Level Output 
Off 
Leakage 
Current 
VOUT 
= 0.5V 
-100 
I"A 


High 
Level Output 
Off 
Leakage 
Current 
VOUT = 2.4V 
100 
I"A 


VI 
I nput 
Clamp 
Voltage 
IIN - -12mA 
-1.0 
Volts 


PwR/ 
IAm8T26A 
VCC = VCCMAX. 
457/87 


ICC 


Power/Current 
Consumption 
I, 
mW/mA 


Am8T28 
VCC = VCCMAX. 
578/110 


Switching Characteristics 
(TA = +25°C, Vcc 
= 5.0V) 


Parameters 
Description 
Test Conditions 


Am8T26A 
Min. 
Typ. 
Max. 
Am8T28 
Min. 
Typ. 
Max. 


tPLH 
10 
14 
13 
17 


Driver 
Input 
to Bus 
Figure 
1 
ns 


tpHL 
10 
14 
13 
17 


tpLH 
9.0 
14 
12 
17 


Bus to Receiver 
Output 
Figure 
2 
ns 


tpHL 
6.0 
14 
9.0 
17 


tZL 
Driver 
Enable 
to Bus 
19 
25 
21 
28 
Figure 
3 
ns 


tLZ 
15 
20 
18 
23 


tZL 
Receiver 
Enable 
to 
15 
20 
18 
23 


Receiver 
Output 
Figure 4 
ns 


tLZ 
10 
15 
13 
18 


Notes: 
1. 
For 
conditions 
shown 
as f\lIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the applicable 
device 
type. 


2. 
TypieoJ 
limit. 
oro 
at VCC - 
5.0 V, 2SoC 
lIfTlbient 
and 
maximum 
loading. 


3. 
Actual 
input 
currents 
= Unit 
Load 
Current 
x Input 
Load 
Factor 
(See 
Loading 
Rules). 


4. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the short 
circuit 
test should 
not 
exceed 
one second. 


5. 
Output 
sink 
current 
is supplied 
through 
a resistor 
to VCC' 


6. 
Measurements 
apply 
to ea'ch output 
and the associated 
data 
input 
independently. 


0.1'-1'-"-,,) 
.,,- 
.......•. 
.•.• 
"" 
••• 
, 
•••••••••• 
t-" 
••••••••• 
u•••..• I ,",,,,c;l V,",I 
Il'lJUl;) 
Input 
Output 
Output 
(data is inverted). 
Input/Output 
Pin No:s 
Unit Load 
HIGH 
LOW 
RD. R1. R2. R3 
The four 
receiver 
outputs. 
Data from the 
R/E 
1 
1/8 
bus is inverted 
while data 
from 
the driver 
inputs 
is non· 


inverted. 
RO 
2 
50 
10 


B/E 
Bus enable 
input. 
When the bus enable input is LOW, 
80 
3 
1/16 
250 
25 


the four driver outputs 
are in the high·impedance 
state. 
DO 
4 
1/8 


R/E 
Receiver enable input. When the receiver enable input 
Rl 
5 
50 
10 
is HIGH, the four receiver outputs 
are in the high·impedance 
81 
6 
1/16 
250 
25 
state. 


01 
7 
1/8 


GND 
8 


02 
9 
1/8 


82 
10 
1/16 
250 
25 


R2 
11 
50 
10 


03 
12 
1/8 


83 
13 
1/16 
250 
25 


R3 
14 
50 
10 


-8/E 
15 
1/8 


Vcc 
16 


INPUTS 
Am8T26A 
Am8T28 
OUTPUT 
OUTPUT 


B/E 
Di 
Bi 
Bi 


L 
X 
Z 
Z 


H 
L 
H 
L 


H 
H 
L 
H 


INPUTS 
Am8T26A 
Am8T28 


OUTPUT 
OUTPUT 


R/E 
Bi 
Ri 
Rj 


H 
X 
Z 
Z 


L 
L 
H 
L 


L 
H 
L 
H 


L = LOW 
H = HIGH 
i = O. 1, 2. or 3 


L = LOW 
H = HIGH 
i = 0, 1,2, or 3 


rii 


2.5V 
VCC" 
5.0V 


BO 


BIE 
B, 


"IE 


00 


D, 


D, 
", 


D3 


INPUT~ 


'PHL=:1 
\-- 
----.j 
1:= 'PLH 


DUTPUT~ 


INPUT 
PULSE: 
tr •• tf = 5ns 
(1~ 
to 9~1 


freq 
•• lOMHz 
(50% 
duty 
cycle) 


Amplitude" 
2.6V 


'NPUT~ 


'PHL=:1 r- -l 
1:= 
'PLH 


OUTPUT~ 


INPUT 
PULSE: 


tr •• If -= 5ns (10% to 90%) 
freq 
•• lOMHz 
(5O'Jf, duty 
cyclel 


Amplitude" 
2.6V 


2.6V 
VCC 


BO 


BE 
B, 


RIE 
B, 


DO 
B3 


0, 
"0 


D, 
", 


D3 
", 


"3 


INPUT~ 


'ZL r --1 t:'LZ 


OUTPUT 
~ 
I.SV 
!~ 


.. ~'''"' 


INPUT 
PULSE 
Ir" 
tf= 5ns (1()';(,to 
9()';(,1 


freq 
= SMHz 
(50% 
duty 
cycle) 
Aml)litudez2,6V 


BO 


B/E 
B, 
5.0V 


"'E 
B, 


DD 
B3 


D, 
"0 
2.4kn 
240n 


D, 
", 


D3 
", 


"3 
5Kf! 


(PROBEJ 
30pF 


L1C·576 


L1C·575 


Figure 
4 


4-198 


'NPUT~ 


'LZ=:J t: -l r-TZL 


OUTPUT~ 


INPUT 
PULSE 
Ir" 
tf" 5ns 110% 
to 9O'W.) 


freq 
= 5MHz 
(50% 
duty 
cycle) 


Amplitude" 
2.6V 


DATAI 
IN 


DO 
·0 
., 
., 
·3 
'AO 


0, 
A, 
IDATA 
0, 


Am8T26A 
A, 
OUT 


03 
A3 


° 
·0 
B, 
B, 
B3 
AO 
0- 


DATA [ 


0, 
R, 


IN 
Am8T26A 
R, 
0, 


03 
A3 
I 


DATA 
OUT 


Am8T28 


,. 
VCC 
,. 
VCC 


15 
B/E 
RIE 
,S 
.IE 


,. 
A3 
RO , 
,. 
A3 


'3 
B3 
BO 
'3 
,B3 


12 
03 
DO 
12 
03 


11 
A, 
A, 
11 
A, 


'0 
B, 
B, 
'0 ., 


0, 
0, 
0, 


GNO 


01 E SIZE 
0.058" X 0.091" 
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Am9614 


Distinctive 
Characteristics 


• 
Dual differential 
line driver with 
complementary 
out- 


puts 
• 
Single 5-volt supply 
• 
DTL, TTL 
compatible 


• 
Short-circuit 
protected 
outputs 


• 
Able to drive 50n 
terminated 
transmission 
lines 


• 
100% reliabi lity 
assurance testing 
in compliance 
with 


MI L-STD-883 


The Am9614 
is a DTL, TTL compatible 
line driver operating 
off a single 5V supply. 


The Am9614 
is designed 
to drive either 
differential 
or single- 
ended, 
back-matched 
or terminated 
transmission 
lines. The 
device has the active pull-down 
and active pull-up circuits split 
and brought 
out to adjacent 
pins. This allows multiplex 
opera- 
tion 
(wire-AND) 
at the driving end in either the single-ended 
mode 
via the 
uncommitted 
collector 
or in the 
differential 


mode 
by use of the 
active 
pull-ups 
on one side and the un- 
committed 
collectors 
on the other. 
The complementary 
out- 
puts of the Am9614 
give great application 
flexibility. 


The Am9614 
has short-circuit 
protected 
active 
pull-ups, 
and 
incorporates 
input 
clamp 
diodes 
to reduce 
the effect 
of line 
transients, 
and 
can 
drive 
into 
50n 
terminated 
transmission 


lines. 


5~DRIVERA 
~ 


6 
4 


7 
3 


~ 


DRIVERB 
15 


9 
M 


10 
12 


11 
13 


Vcc 


} TO OTHER 
DRIVER 


CONNECTION 
DIAGRAM 


Top View 


Package 
Type 


Hermetic 
DIP 
Flat Pak 


Dice 


\ 


.~rmetic 
DIP 
lded DIP 


'ice 


Temperature 


Range 


-55°C 
to +125°C 
-55°C 
to +125°C 
-55°C 
to +125°C 
O°C to +70°C 
O°C to +70°C 
OOCto +70°C 


Order 
Number 


9614DM 
9614FM 


AM9614XM 


9614DC 
9614PC 


AM9614XC 


Am9614 


MAXIMUM 
RATINGS (Above which the useful life may be impaired) 


Storage Temperature 
Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
(Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


Output, Current, 
Into Ouputs 


DC InpGt Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7.0V 


-o.5V 
to +VCC max 


-O.5V 
to +5.5V 


200mA 
Note 1 


ELECTRICAL 
CHARACTERISTICS 


The following 
conditions 
apply unless otherwise 
noted: 


9p14XM (MI L) 
TA = _55° C to +125°C 
VCCMIN. 
= 4.50V 
9614XC (COM'Ll 
TA = OOCto +70°C 
VCCMIN. 
= 4.75V 


TAMIN, 


Min. 
Max. 


LIMITS 
+25°C 


Min. 
Typ. 
Max. 


TAMAX. 
Min. 
Max. 
Units 


VOH 
Output 
HI G H Voltage 
VCC = MIN., 


2.4 
2.4 
3.2 
2.4 
Volts 


IOH = -10mA 


VCC = MIN., 
MIL 
0.4 
0.2 
0.4 
0.4 
VOL 
Output 
LOW Voltage 
Volts 


IOL =40mA 
COM'L 
0.45 
0.2 
0.45 
0.45 


MIL 
2.0 
1.7 
1.5 
1.4 


VIH 
Input 
HIGH 
Voltage 
VCC = MIN. 
Volts 


COM'L 
1.9 
1.8 
1.5 
1.6 


MIL 
0.8 
1.3 
0.9 
0.8 
VIL 
Input 
LOW Voltage 
VCC = MAX. 
Volts 


COM'L 
0.85 
1.3 
0.85 
0.85 


VF =O.4V, 
MIL 
-1.6 
-1.1 
-1.1 
-1.6 


IF 
Input 
Load Current 
VCC = MAX. 
mA 


VF = OA5V, 
COM'L 
-1.6 
-1.0 
-1.6 
-1.6 


IR 
Reverse Input Current 
VCC = MAX. 
60 
60 
60 
IlA 


VR = 4.5V 


ISC 
Short Circuit 
Current 
VCC = MAX., 
--40 
-90 
-120 
mA 


Vo 
= OV 


VCC = MAX., 
48.7 
33 
48.7 
48.7 
Inputs 
= OV 
IpD 
Power Supply Current 
mA 
VCC = 7.0V, 
COM'L 
46 
70 


Inputs 
= OV 
MIL 
46 
65.7 


I VCEX 
= 12V, MIL 
100 
10 
100 
200 
ICEX 
Reverse Output 
Current 
VCC = MAX 
IlA 
I VCEX 
= 5.25V, 
COM'L 
100 
10 
100 
200 


VOLC 
Output 
Low Clamp Voltage 


VCC = MAX., 


-{j.8 
-1.5 
Volts 
IOLC = --40mA 


VIC 
Input 
Clamp Voltage 
VCC = MIN., 
-1.0 
-1.5 
Volts 
IIC = -12mA 


Description 


Turn 
Off Delay 


Notes: 1. 
Maximum 
current 
defined 
by DC input voltage. 


2. 
For conditions 
shown as MIN. 
or MAX. 
use the appropriate 
value specified 
under electrical 
characteristics 
for the applicable 
device type or ( 


TYPICAL ELECTRICAL CHARACTERISTICS 


Output 
Low Current 
Versus 
Output 
High Current 
Versus 
Logic Levels Versus 
Output 
Low Voltage 
Output 
High Voltage 
Ambient 
Temperature 


100 


T A'" 
25°C 
//. ;...--- 
0 
TA' 25°C I 
I 
II I 
'" 
3.5 
" 


:; 
.-r- 
""'OH@ IOH· 
-10 
mA- 
" 
~ 
I 
I 
I 
I 
0 
E 
E 
> 
3.0 


I 
80 
I 
-20 
I I I 


I 
......- VOH into50~ 


•... 
VCC-5.5V_ 
~ 
.... 
- 


Vcc'"' 4.5 v 
w 
2.5 .. 
i'... 


~ 
VCC= 5.0 V_ .....J. 
~ 
I--VCC" 5.0 V_ ] 
I 
'-' 
~ 
" 
60 
,. 
'" 


-40 - 
I-- 
VCC= 5.5 V, 
:; 
2.0 
::> 
::> 
0 
<.> 
~ 


u 
> 
VCC=5.0V 
•... 
Vec - 4.5 V 
.... 
"1 
•... 
1.5 


'" 


40 
II 
'" 


-60 
I I II 


'" 


•... 
•... 
.... 


::> 
::> 
::> 
0 
J 
0 
0 
1.0 


I 
I 
20 
I 
-80 
I 
~ 
1/ 
:I: 
...-::: •....••. ,/ 
•... 
0.5 - - 
VOL 
@IOL ,. 40 mA- 
l--- 
_0 
.P 
::> 
,J 


-100= 


0 


0 
> 
0 
0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0 
1.0 
2.0 
3.0 
4.0 
-60 
-20 
0 
20 
60 
100 
140 


VOL 
- 
OUTPUT 
VOLTAGE 
- 
VOLTS 
VOH 
- 
OUTPUT 
VOLTAGE 
- 
VOLtS 
T A - 
AMBIENT 
TEMPERATURE 
- °c 


Supply 
Current 
Versus 
Supply Current 
Versus 
Supply Current 
Versus 
Supply Voltage 
Temperature 
Operating 
Frequency 


60 


I 
40 
100 
NO LOAD 
V~C='5.0'V I 


VCC=5.0V 
" 
TA 


S< 25°C 
I 
/- 
E 
50 
" 
" 
CL ·30 pF 


E 
OUTPUTS 
OPEN 
E 
I 
I 
I 
I 
80 TA •• 2SoC 
.... 
It 


.... 
35 
.... 


~ 
40 


~ 
~ 
'" 
0" 
'" 
60 
::> 
0q;; &«; 
::> 
Am9614 
:> 
<.> 
~ 


30 
S'? ~I....'? 
u 
30 
u 
~ 
~ 
40 


ii: 
20~ 
- ~&~ 


I 
ii: 
ii: 
~ 
I 
I 
I 
25 
I 
u 
10 
u 
u 
20 


I 
~ 
.I 
~ 
u 


0 
..•. 
20 
0 
I 
0 
2 
4 
6 
8 
10 
-60 
-20 
0 
20 
60 
100 
140 
01 
0.2 
0.5 
1.0 
2.0 
5.0 
10 


Vec - SUPPLY 
VOLTAGE 
- 
VOLTS 
TA - 
AMBIENT 
T.EMPERATURE 
_ °c 
f - 
FREQUENCY 
- 
MHz 


Transfer Characteristics 
Transfer 
Characteristics 
Versus Temperature 
Versus Supply Voltage 


~ 
5 
VCC=5.0V 
~ 
5 
TA=25°C 
VCC-5.~V- 
0 
0 
> 
4 
> 
4 
VCC• 5.0V- 
I 
I 


w 
w 
'-' 
'-' 
" 
3 
" 


VCC 
4.5V 
:; 
_TA·12SoC 
:; 
3 


0 
0 
> 
V;A" 
25°C 
> 
.... 
•... 


'" 


2 
_____TA' 55°C 


'" 


2 
.... 
.... 


::> 
::> 
0 
0 


I 
1 
I 
1 
.... 
.... 


::> 
::> 
0 
0 
> 
0 
> 
0 


0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 


V1N - 
INPUT 
VOLTAGE 
- 
VOLTS 
V1N -INPUT 
VOLTAGE 
- 
VOLTS 


UC-582 


Am9614 


USERS NOTES 


DIFFERENTIAL 
LINES. The Am9614 
dual differential 
line 


driver 
can 
be used 
with 
the 
Am9615 
dual 
differential 
line 


receiver to form an interconnection 
system which can tolerate 


extremely 
noisy 
environments 
and 
interconnect 
equipments 


where there 
is a ±15V difference 
in voltage level of the equip- 


ment grounds. 
Two wires are used for each channel to form a 


balanced 
transmission 
line. 
This 
method 
of 
sending 
data 


between 
equipments 
offers 
extremely 
high 
protection 
from 


common 
mode noise and also gives excellent 
DC noise margins. 


MATCHING. 
Transmission 
lines can be matched 
in a number 


of ways. 
The 
most widely 
used 
method 
is to terminate 
the 


line at the 
receiving 
end in its characteristic 
impedance. 
This 
impedance 
is connected 
across 
the 
input 
terminals 
of the 


receiver. 
A 130.11 resistor 
is included 
at the + input 
of each 


receiver 
for matching 
twisted 
pairs and this resistor, 
or if the 


characteristic 
impedal,1ce is not 
130.11, a discrete 
resistor, 
is 


connected 
between 
the 
two receiver 
inputs. 
This 
method 
of 


matching 
causes 
a 
DC component 
in the 
signal. 
Power 
is 


dissipated 
in the resistor and the signal is attenuated. 
The DC 


component 
can be effectively 
removed 
by connecting 
a large 


capacitor 
in series with the terminating 
resistor. 


The 
transmission 
line 
can 
also 
be terminated 
through 
the 


receiver 
power 
supply 
by placing equal 
value resistors 
from 


the + input 
of the 
receiver to VCC and from the - 
input to 


TYPICAL 
DC CHARACTERISTICS 


FOR MATCHING TO TRANSMISSION 
LINE 


Zo 
RM (ohms) 
Differential 


50 
12 
75 
24 


92 
33 


100 
36 


130 
54 


300 
140 


600 
290 


200 


< 
160 
E 
I 
120 
t- 
~ 
80 


a: 
40 
::>ut- 
~ 
-40 
t- 
6 
-80 


~ -120 
2 -160 


-200 


-4 
-2 
0 
2 
4 
6 
8 
10 


VOUT- 
OUTPUT 
VOLTAGE 
- 
VOLTS 


ground. 
This 
method 
again 
has the 
disadvantage 
that 
a DC 


signal 
component 
exists, 
attenuation 
occurs, 
and 
power 
is 


dissipated 
in the terminating 
resistors 
but it does allow multi- 


plexed operation 
in the balanced 
differential 
mode. 


An alternate 
method 
to matching 
at the 
receiver 
is to back 
match 
at the driver. A resistor 
is placed in series with the line 
so that the signal from the driver which is reflected 
at the high 
input 
impedance 
of the 
receiver 
is absorbed 
at 
the 
driver. 


This method 
does not have a DC component 
and therefore 
no 
attenuation 
occurs and power is not dissipated 
in the resistor. 


For balanced 
differential 
driving a resistor 
is required 
in series 
with 
each 
line. 
The 
table 
below 
shows 
the 
value 
of each 
matching 
resistor 
required 
for lines of different 
characteristic 


impedance. 


MULTIPLEXING. 
When operating 
in the balanced 
differential 
mode the 
Am9614 
driver 
can be OR tied with other 
devices 


to allow 
multiplexed 
operation. 
The 
open 
collector 
NAND 


outputs 
are connected 
together 
and the active 
pull-up 
AND 


outputs 
are connected 
together. 
Selection 
of the active driver 


can be made 
by two of the three 
logic inputs 
on the driver. 
Multiplexed 
operation 
can only 
be performed 
with 
the lines 


terminated 
to the appropriate 
voltage level at the driver so that 


this method 
has a DC component 
and power is dissipated 
in 
the terminating 
resistors. 


Fanout 


Input 
Output 
Output 


Input/Output 
Pin No.'s 
Unit Load 
HIGH 
LOW 


APUA 
1 
166 


Output A 
2 
25 


Output A 
3 
25 


APUA 
4 
166 


Input A 
5 


Input A 
6 


Input A 
7 


GND 
8 


Input B 
9 


Input B 
10 


Input B 
11 


APU B 
12 
166 


Output B 
13 
25 


Output B 
14 
25 
----- 
APU B 
15 
166 


Vcc 
16 


INPUT PULSE 
r~ 
VIN! 


5ln 
5" 


lIC-584 
-= 


INPUT 
PULSE 
Frequency = 500 kHz 
Amplitude = 3.0 ± 0.1 V 
Pulse Width = 110 ±10 
ns 


tr = t, S 5.0 ns 


Expand by tieing 
"NAND" 
outputs 
together 
and by tieing 
active pull-up 
"AND" 
outputs 


together. 
The drivers can be inhibited 
by taking 
one 
input to ground. 


Distinctive 
Characteristics 


• 
Conforms 
to 
EIA 
RS-232C and CCITT 
V.24 
specifi- 


cations and/or 
M I L-STD-188C 


• 
Short circuit 
protected 
output 


• 
Internal 
slew rate limiting 


The Am9616 
is a triple line driver specifically designed to meet 


the 
EIA 
RS-232C 
and 
CCITT 
V.24 and/or 
MIL-STD-188C 


electrical 
interface 
requirements. 
Each driver accepts DTL/TTL 


logic levels and converts 
them 
to 
EIA/CCITT 
levels for data 
transmission 
between 
equipment. 
The output 
slew rate of each 


driver is internally 
limited, 
but can be lowered 
by an external 


capacitor. 
All outputs 
are short 
circuit 
protected, 
and pro- 


tected 
against 
fault conditions 
specified 
in RS-232C. 
A HIGH 


logic level on the inhibit input forces the driver output 
to VOL 


or mark state. 


The Am9616EXC 
and Am9616XM 
meets the requirements 
of 


MIL-STD-188C 
and EIA RS-232C. 
The Am9616XC 
conforms 


to the requirements 
of EIA RS-232C. 


• 
Supply 
independent 
output 
swing 


• 
100% reliability 
assurance testing 
in compliance 
with 
MIL-STD-883 
• 
TTLlDTL 
compatible 
input 


INPUT 
At 
1 


~ 


OUTPUTA 
INPUT A2 
2 


INHIBIT 
A 
3 


INPUTB1~'3 


10 
OUTPUT B 


INPUT 82 
12 


INHIBIT 
B 
11 


INPUT C 
~ 
OUTPUT C 


VEE=Pin8 


INHIBIT C 
VCC = Pin 
14 


GND=Pin7 


CIRCUIT 
DIAGRAM 
(One Driver Shown) 


Package 


Type 


Hermetic 
DIP 
Dice 


Hermetic 
DIP 
Hermetic 
DIP 


Molded DIP 
Molded DIP 
Dice 


Temperature 
Range 


-55°C 
to +125°C 


_55°C to +125°C 
O°C to +75°C 
O°C to +75°C 
O°C to +75°C 
DoC to +7SoC 
O°C to +75°C 


Order 
Number 


9616DM 
AM9616XM 
9616EDC 
9616DC 
9616EPC 
9616PC 
AM9616XC 


CONNECTION 
DIAGRAM 


Top View 


INPUT 
Al 
Vcc 


INPUT 
A2 
INPUTSl 


INHIBIT A 
INPUT 82 


OUTPUT A 
INHIBIT B 


INPUT C 
OUTPUT 
B 


INHIBIT 
C 
QUTPUTC 


GND 
VEE 


MAXIMUM 
RATINGS 
(Above 
which 
the 
useful 
life 
may 
be impaired) 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to 
Ground 
Potential 


VCC 


VEE 


DC Voltage 
Applied 
to 
Outputs 


DC 
Input 
Voltage 


Lead 
Temperature 
(Soldering, 
30 se!:.) 


_65°C to +150°C 


O°C to +75°C 


+15V 
-15V 


±15V 


-1.5 V to +6V 


300°C 


Am9616XM 
AND Am9616EXC 
RS232·C AND MIL·STD·188C 


ELECTRICAL 
CHARACTERISTICS 


The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Noted: 


Am9616XM 
(MIL) 
TA=-55°Cto+125°C 
Am9616EXC 
(COM'L) 
TA = O°C to +70°C 


VCC = +12V 
± 10%, VEE = -12V 
± 10%, RL = 3kU 


DC CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


Typ. 


Min. 
(Note 
1) 
Max. 


VOH 
Output 
HIGH 
Voltage 
5.0 
6.0 
7.0 
Volts 


VOL 
Output 
LOW Voltage 
-7.0 
-6.0 
-5.0 
Volts 


Ripple 
Rejection 
Power Supply 
Ripple - 2AVp.p, 
1 = 400Hz 
0.25 
% 01 VOUT 


VOH 
to 


Output 
HIGH 
Voltage to Output 


LOW 
Voltage, 
Magnitude 
Matching 
±10 
% 


VOL 
Error 


ROUT 
Output 
Resistance, 
Power 
On 
RL = 6kU, 
III L = 10mA 
75 
U 


ISC+ 
Positive 
Output 
ShOft 
Circuit 
Current 
22 
100 
mA 


ISC- 
Negative 
Output 
Short 
Circuit 
Current 
-100 
-22 
mA 


VIH 
Input 
HIGH 
Voltage 
2.0 
Volts 


VIL 
Input 
LOW Voltage 
0.8 
Volts 


VIN 
= 2AV 
40 
J,lA 
IIH 
Input 
HI GH Current 


VIN 
- 5.5V 
1.0 
mA 


IlL 
Input 
LOW Current 
VIN 
- OAV 
-1.6 
mA 


ROUT 
Output 
Resistance, 
Power 
Off 
-2.0V 
<; VOUT 
•• +2.0V 
300 
U 


All 
Inputs and Supply 
Pins Grounded 


1+ 
TA = +25°C 
VINl 
= VIN2 
= VINHIBIT 
= 0.8V 
15 
22 


Positive 
Supply 
Current 
13 
mA 


VINl 
= VIN2 
= VINHIBIT 
= 2.0V 
7.5 


TA=+25°C 
VINl 
= VIN2 
VINHIBIT 
- 0.8V 
0 
-1 
'- 
Negative 
Supply 
Current 
mA 


VINl 
= VIN2 
= VINHIBIT 
= 2.0V 
-15 
-22 


AC CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE OF TA = O°C TO 70°C 
(Note 
2) 


Typ. 


Parameters 
Description 
Test 
Conditions 
Min. 
(Note 
1) 
Max. 


Positive Slew Rate 


OpF •• CL •• 2500pF 
4.0 
15 
30 
V/J,ls 


RL,,3kU 


Negative 
Slew 
Rate 


OpF •• CL •• 2500pF 


-30 
-15 
-4.0 
V/J,ls 


RL" 
3kU 


tpU< 
Propagation Delay Time 
No Load 
320 
ns 


tpHL 
Propagation 
Delay 
Time 
No Load 
320 
ns 


Am9616XC 
EIA RS-232-C 


The Following 
Conditions 
Apply Unless Otherwise 
Noted: 


TA = o°c 
to +75°C, 
vcc 
= +12V 
± 10%, VEE 
= -12V 
± 10%, RL = 3kn 
DC CHARACTERISTICS OVER OPERATING TEMPERATURE 
RANGE 
Typ. 


Min. 
(Note') 
Max. 


VOH 
Output 
HIGH 
Voltage 
V1N, 
or V1N2 - VINHIBIT 
- 0.8 V 
+5.0 
+6.0 
+7.0 
Volts 


VOL 
Output 
LOW Voltage 
I 
V1N, 
= V1N2 
= VINHIBIT 
= 2.0V 
-7.0 
-6.0 
-5.0 
Volts 


V1H 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
voltage 
2.0 
Volts 


V1L 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW voltage 
0.8 
Volts 


IlL 
Input 
LOW Current 
V1N, 
= V1N2 = 0.4 V or VINHIBIT 
= 0.4 V 
-1.2 
-1.6 
mA 


IIH 
Input 
HIGH 
Current 
V1N, 
- V1N2 = 2.4 V or VINHIBIT 
= 2.4 V 
40 
p.A 


RL 
on 
-8 
-17 
-30 
Ise 
Output Short Circuit Current (Positive) 
mA 


VIN, 
or VIN2 
= VINHIBIT 
= 0.8 V 


ISE 
Output 
Short 
Circuit 
Current 
(Negative) 
RL-On 
+8 
+17 
+30 
mA 


V1N, 
or V1N2 
= VINHIBIT 
= 2.0V 


Ice 
Total Positive Supply Current 
V1N, 
- V1N2 - V11\JHIBIT - 0.8 V 
15 
22 
mA 
V1N, 
- V1N2 - VINHIBIT 
= 2.0V 
7.5 
13 


lEE 
V1N, 
- V1N2 - VINHIBIT 
- 0.8 V 
0 
-1 
Total 
Negative Supply 
Current 
mA 
VIN, 
= V1N2 = VINHIBIT 
= 2.0 V 
-15 
-22 


tPLH 
Delay from 
Input 
LOW to Output 
HIGH 
320 
650 
ns 


CL = 15pF,RL 
=~ 
tpHL 
Delay from 
Input 
HIGH 
to Output 
LOW 
320 
650 
ns 


Positive Slew Rate 
4.0 
15 
30 
V/p.s 


o pF •• CL •• 2500 pF, R L ;;, 3 kn 
Negative Slew Rate 
-30 
-15 
-4.0 
V/p.s 


TYPICAL CHARACTERISTICS 
Output 
Slew Rate 
versus Load Capacitance 
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Maximum Operating 
Temperature 


versus Power-8upply 
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Vin - OPEN 
R1'3~kn- 


o 
-55 
0 
25 
75 
125 


TA - 
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TEMPERATURE 
_ °c 
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INPUT 
1 


OUTPUT 
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2 


CL 
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~ II 
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113 OF 
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OV 
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f- 
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Am9617 


Distinctive 
Characteristics 


• 
Compatible 
with 
EIA RS-232C and CCITT 
V24 speci- 


fications. 
• 
Input signal range ±30 volts 
• 
Available 
in 
commercial 
and 
military 
temperature 


range 


• 
Variable 
hysteresis 
• 
100% reliability 
assurance testing 
in compliance 
with 
MIL -ST0-883 
• 
Includes response control 
input 
and built-in 
hysteresis. 


The Am9617 
is a triple line receiver that meets both the CCITT 


TV24 and EIA RS·232C specifications. 
Each receiver has single 
data 
input 
that 
can accept 
signal swings of up to ±3aV. 
The 
output 
of each receiver is TTl/DTL 
compatible, 
and includes 
a 2kn 
resistor 
pull-up 
to Vcc. 
Each receiver has a hysteresis 
input 
so that 
the 
hysteresis 
can be controlled 
by means of a 
series resistor 
between 
the HYST input and a response control 


input RESP. 


Because of this hysteresis 
in switching 
thresholds, 
the device 
can receive signals with superimposed 
noise or with slow rise 
and fall times 
without 
generating 
oscillations 
on the output. 


The threshold 
levels may be offset 
by a constant 
voltage 
by 


applying 
a DC bias to the response 
control 
input. A capacitor 


added to the response 
control 
input will reduce the frequency 
response 
of the 
receiver 
for applications 
in the 
presence 
of 


high frequency 
noise spikes. The companion 
line driver is the 
Am9616. 
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HYSTA~ 
3 
RESP 
A 


4 
1 
IN A 
QUT 
A 


HYSTB~12 


11 


RESP 
B 


10 
13 


IN 8 
OUT 
B 


HYSTC~6 
8 
RESP 
C 


9 
5 


INC 
o~c 


CIRCUIT 
DIAGRAM 
(One Received 


CONNECTION 
DIAGRAM 


Top View 


Package 
Type 


Hermetic 
DIP 
Hermetic 
DIP 
Molded DIP 


Dice 
Dice 


Temperature 


Range 


-55°C 
to +125°C 
aOc to +75°C 
aOc to +75°C 


-55°C 
to +125°C 


aOc to +75°C 


Order 
Number 


OUT A 
Vcc 


HYST 
A 
OUT 
B 


RESP 
A 
HYST 
B 


INA 
AEsP 
B 


OUT C 
IN B 


HYST 
C 
IN C 


GNO 
RESPC 


9617DM 
9617DC 
9617PC 
AM9617XM 
AM9617XC 


MAXIMUM 
RATINGS 
(Above which 
the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage 
to Ground 
Potential 
(Pin 14 to Pin 7) Continuous 


DC Voltage 
Applied 
to Outputs 
for High Output 
State 


Input 
Signal Range 


Output 
Current, 
Into Outputs 


DC Input Current 


_65°C to +175°C 


_55°C to +125°C 


-0.5 
V to +7.0 V 


-0.5 V to +Vcc max. 


-30 
V to +30 V 


30mA 


Defined 
by Input 
Voltage 
Limits 


ELECTRICAL 
CHARACTERISTICS 


The FOllowing 
Conditions 
Apply 
Unless Otherwise 
Noted: 


Am9617XM 
(Mill 
TA = _55°C 
to +125°C 
VCC MIN. 
= 4.50V 
Am9617XC 
(COM'Ll 
TA = O°C to +70°C 
VCC MIN. = 4.75V 


Response 
Control 
Pin Open 
Unless Otherwise 
Specified 


VCC MAX. 
= 5.50V 


VCC MAX. 
= 5.25V 


Typ, 


(Note 
1) 


RIN 
Input 
Resistance 
VIN 
= ± 25V 
3.0 
4.0 
7.0 
kn 


VIN 
Open Circuit 
Input Voltage 
0.2 
2.0 
Volts 


VOH 
Output 
HIGH 
Voltage 


IOH = -0.2mA, 
VCC = Min. 
2.4 
3.0 
Volts 


VIN 
= -3.0V, 
OV or Open Circuit 


VOL 
Output 
LOW Voltage 
IOL = 8mA, 
VCC = Min. 
0.3 
0.4 
Volts 
VIN 
= +3.0V 


_55°C 
2.3 
3.1 


O°C 
1.9 
2.5 


VIH 
Input 
HIGH 
Level Threshold 
VOL 
= 0.45V, 
VCC = 5.0V 


25°C 
1.75 
2.0 
2.25 
Volts 


Resp-Hyst 
Connected 


75°C 
1.45 
1.90 


125°C 
1.20 
1.65 


_55°C 
0.85 
1.65 


O°C 
0.75 
1.40 


VIL 
Input 
LOW Level Threshold 
VOH 
= 2.5V, 
VCC = 5.0V 
25°C 
0.75 
0.95 
1.25 
Volts 


Resp·Hyst Connected 
75°C 
0.60 
1.10 


125°C 
0.50 
0.95 


25°C 
0.4 
1.0 
1.2 


VIO 
Open Loop 
Input 
Threshold 
Volts 


0.4 
1.4 


25°C 
-3.6 
-8.0 


IlL 
Input 
LOW Current 
VIN 
= -25V 
mA 


-8.3 


25°C 
3.6 
8.0 


IIH 
Input HIGH 
Current 
VIN 
= +25V 
mA 
8.3 


ISC 
Output 
Short Circuit Current 
VIN 
= O.OV, VOUT 
= O.OV 
2.5 
mA 


ICC 
Power 
Supply 
Current 
VIN 
= 5.0V, 
VCC = Max. 
12 
18 
mA 


Notes: 
1. 
Typical 
Limits 
are at Vcc = 5.QV, 
25°C 
ambient 
and 
maximum 
loading. 


2. 
The 
input 
threshold 
margin 
for 
the 
device 
is greater 
than 
the 
voltage 
computed 
as the 
VT+-VT_ 
value. 
For 
the 
minimum 
value 
see the 
input 
threshold 
margin 
versus 
temperature 
graph. 


tpd+ 
Delay from 
Input 
LOW to Output 
HIGH 
RL = 3.9 kn 
25 
85 
ns 


tpd_ 
Delay from 
Input 
HIGH to Output 
LOW 
RL = 390n 
25 
50 
ns 


tr 
Output 
Rise Time 
(10% to 90%) 
RL = 3.9 kn 
120 
175 
ns 


tf 
Output 
Fall Time 
(90% to 10%) 
RLr390n 
15 
40 
ns 
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INTERFACE 
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OUTLINES 
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GLOSSARY 
AMD FIELD SALES OFFICES, 
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REPRESENTATIVES, 
DISTRIBUTOR 
LOCATIONS 


MOS Memory and Microprocessor 
Interface 
- 
Section V 


Am0026/0026C 
5MHz Two-Phase MOS Clock Driver 
5-1 


Am0056/0056C 
5MHz Two-Phase MOS Clock Driver 
5-7 


Am8224 
Clock Generator and Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5-13 


Am8228 
System Controller and Bus Driver 
5-20 


Am8238 
System Controller and Bus Driver 
5-20 


Am0026/Am0026C 


Distinctive Characteristics 


• 
20 ns rise and fall times with 1000 pF load 


• 
20 V output voltage swing 
• 
±1.5 amps output current drive 


• 
High speed5 to 10 MHz depending on load 


• 
100% reliability 
assurancetesting in compliance with 


M I L-STD-883 


The 
Am0026 
is a dual 
high 
speed MaS 
clock 
driver 
and 


interface 
circuit. 
The 
device 
is 
particularly 
suitable 
for 
driving 
two 
phase MaS 
circuits 
and can provide 
high speed 
operation 
even when 
driving 
into 
high capacitive 
loads. The 
device 
accepts 
standard 
TTLlDTL 
outputs 
and 
converts 
them 
to 
MaS 
logic 
levels. The 
output 
pulse width 
of the 


device is determined 
by the input 
pulse width. 


The Am0026 
can operate 
with 
a variety 
of MaS circuits. 
A 
popular 
application 
is a two-phase 
clock 
timer 
for 
driving 


long 
silicon 
gate 
shift 
registers 
such 
as the 
Am1402/3/4 
series. A single clock driver is able to drive 
10k bits at 5MHz. 


The 
device 
can also be used with 
standard 
dynamic 
MaS 


RAMS 
such as the 
1103 to provide 
address and precharge 


drive 
for 
memories 
up to 8k by 16-bits. 


The device 
is available 
in an 8-lead TO-S. one watt 
copper 


lead frame 
8-pin 
mini-DIP. 
a one and one-half 
watt 
TO-8 
package, and a 14-pin ceramic 
package. 


SCHEMATIC 
DIAGRAM 
(One Driver Shown) 


Ceramic DIP 
Mini 
DIP 
Package 
Temperature 
Order 
Type 
Range 
Number 


NC 


NC 


TO-99 
O°C to 70°C 
MH0026CH 
OUTPUT 
B 
"tl' 


OUTPUT 
A 
Mini-DIP 
O°C to 70°C 
MH0026CN 


INPUT 
A' 
: 
OUTPUT 
A 


NC 
v-· 
6 
1/+ 


TO-8 
O°C to 70°C 
MH0026CG 
INPUT 
A 
INPUT 
B 


Ceramic 
DIP 
O°C to 70°C 
MMH0026CL 


INPUT 
8 
c 
OUTPUT 
8 


Dice 
O°C to 70°C 
AM0026XC 


TO-99 
_55°C 
to +12SoC 
MH0026H 
TO-99 
TO-S 


TO-8 
-SSoC 
to +125°C 
M'H0026G 
v· 


Ceramic DIP 
_55°C 
to +125°C 
MMHOO26l 


Dice 
-5SoC 
to +12SoC 
AM0026XM 


EXTERNAL 


C,N 
o----lf--o 


INPUT 


CONNECTION 
DIAGRAMS 


Top Views 


Am0026/0026C 


MAXIMUM 
RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temprature 
(Ambient) 
Under Bias 


y+ - V- Differential 
Voltage 


Input Current 


Input Voltage 
(VIN-V-) 


Peak Output 
Current 


Power Dissipation 


-65°C 
to +150°C 


_55°C to +125°C 


22V 


lOOmA 


5.5V 


1.5A 


See curves 


Am0026C 
Am0026 


Parameter 


T A:: 
aOc 
to 8SoC 
(COM Range) 


T A 
== _55°C 
to +12SoC 
(MI 
L Range) 


Description 


v+ - 
V- 
= 10 V to 20 V 


Unless 
Otherwise 
Specified 


V+ = +5.0V, 
V- 
= -12.0V 
4.0 
4.3 
VOH 
Output 
HIGH 
Voltage 
VIN 
=-11.6V 
Volts 
(Logical 
"0") 
VIN-V 
= 0.4 V 
V+ -1.0 
V+ -0.7 


V+=+5.0V,V 
=-12.0V 
-11.0 
-11.5 
VOL 
Output 
LOW Voltage 
VIN 
= -9.5 
V 
Volts 


(Logical 
"I") 
VIN-V 
= 2.5 V 
V 
+0.5 
V 
+1.0 


VIH 
Input 
HIGH 
Level 
VOUT 
- V 
+1.0V 
2.5 
1.5 
Volts 


VIL 
Input 
LOW Level 
VOUT 
= V+ -1.0V 
0.6 
0.4 
Volts 


IlL 
Input 
LOW Current 
VIN 
-V-=OV, 
VOUT 
= V+ -1.0V 
-0.005 
-10 
p.A 


IIH 
Input 
HIGH 
Current 
VIN -V 
=2.5V,VOUT=V 
+1.0V 
10 
15 
mA 


1CCON 
"ON" 
Supply 
Current 
v+ -V 
=20V,VIN-V 
= 2.5 V 
30 
40 
mA 


V+ - V- 
= 20 V, VIN - V- 
= 0.0 V 
COM'L 
10 
100 
ICC OFF 
"OFF" 
Supply 
Current 
p.A 


MIL 
50 
500 


Notes: 
1. 
The~e 
specifications 
apply 
for 
V+ 
- 
V- 
= 10 V 
to 
20 V, 
C L = 1000 
pF. 
over 
the temperature 
range 
_550 
C to + 1250 C for 
the 
Am0026 
and 
0° C t< 


+85 
C for 
the 
Am0026C. 


2. 
All 
typical 
values 
for 
T A = 2SoC. 


Switching Characteristics 
(Notes 1 and 2 Above) 


Parameter 
Description 


tpHL 
Turn On Delay 
5.0 
7.5 
12 
ns 


tPLH 
Turn Off 
Delay 
5.0 
12 
15 
ns 


V+ - 
V- 
= 17 V, CL = 250 pF 
12 


tr 
Rise Time 
(Note 3) 
V+ -V 
= 17V, 
CL = 500pF 
15 
18 
ns 


V+ -V-= 
17V,CL 
= 1000pF 
20 
35 


v+ -V 
= 17 V, CL = 250pF 
10 


tf 
Fall Time (Note 3) 
v+ -V- 
-17V, 
CL - 500pF 
12 
16 
ns 


V+ - V- 
= 17 V, CL = 1000 pF 
1-7 
25 


TYPICAL 
PERFORMANCE 
CHARACTER 
ISTICS 


Power Ratings 
Power Rating 
DC Power (PDC) 


TO-5 & 8-Pin DIP 
TO-8 & 14-Pin DIP 
Versus Duty Cycle 


1.2 
3.0 
400 m" 


'mOO2llCN 
SOLDERED 
TO"1:= 
AmL26G" 
~m00261G 
IN 


TA::: 
25°C 
BOARD 
WITH 
B CU 
360 
CL 
2 0 
- 


3: 
1.0 - 
, 
~2~~~~?N~SW(QE 
3: 
2.5 f--- - 
STILL 
AIR WITH CLlP.ON 
- 
320 


I~- 
~/' 
, 
HEAT SINK 
(THERMAlLOY 
I 
- 
AmOO26H AND 
AmOO26CH 
I 
f-- 
TYPE 
215-1.9 
OR EOUIV.l 
Z 
0.8 
"2 
IN STILL 
AIR WITH CLIP 
Z 
2.0 
280 
>l./~ 
/~ 
- 


0 
~OVEATSINK 
0 
...... 
k I. 
moo 


,.)" 
3: 
-' 
-' 
;:: 
;:: 
E 
240 
/ .t/~"y 
~ 
~ 
AmOO26CG 
IN STILL 
AIR 
I 
~ 
0.6 
...••...•.. 
[...... 
~ 


1.5 
.....•..... 
><....., 
<r 
200 
/ 
""" 
- 
0 
"- 
'" 


~ 
160 
0 
:i' 
V 
......-I 
I 
<r 
0.4 
<r 
1.0 
~ 


_ 
Am0026H" 
A~6CH 
"~ 
~ 
/ I"- 
::::-~ 


'20 
/. 
,/ 
! 
:i' 
:i' 
80 
0.2 
INrlLAlj 
I 


0.5 


AmOO26L 
-...... 
{V+ _V-12 


Am0026CL 
40~ 
PDC~~IOCI 


0 
0 
INSTILL 
AIR 
0 
0 
25 
50 
75 
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125 
150 
0 
25 
50 
75 
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150 
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10 
20 
30 
40 
50 
60 
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80 
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TEMPERATURE 
_ °c 
AMBIENT 
TEMPERATURE 
_ °c 
DUTY 
CYCLE 
- 
" 


Transient 
Power (PAC) 
Supply 
Current 
Input Current 


Versus Frequency 
Versus Temperature 
Versus Input Voltage 


900 
--l ~ 
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8.5 


DUTY 
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I 


16 
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FREOUENCY 
- 
MHz 
TEMPERATURE 
_ °c 
INPUT 
VOLTAGE 
- 
V 


Rise Time 
Fall Time 
Optimum 
Input Capacitance 


Versus Load Capacitance 
Versus Load Capacitance 
Versus Output 
Pulse Width 


25 
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Am0026/0026C 


9O%1\------5V 


~.------VCEISATI 


POWE 
DISSIPATION 


The total 
average power dissipation 
of the Am0026 
is the sum 


of the IDC power and AC transient 
power. This total 
must be 
less than the given package power rating. 


I 
POISS = PAC + POC ..;;;PMAX. 


With tre 
device dissipating 
only 2 mW when the output 
is at 


a HIGH 
voltage 
(MaS 
logic "0"). 
the 
dominant 
factor 
in 


average 
DC power 
is the 
duty 
cycle or fraction 
of the time 
the 
output 
is at a LOW voltage 
level (MaS 
logic "1'''). 
For 
the shift register driving where the duty cycle is less than 2S%, 
POC is usually 
negligible. 
For 
RAM address 
line driver appli- 


cations Poc dominates 
since duty cycle can exceed SO%. 


DC Power per driver: 


DC po 
er is given by, 


POC = (V+ - V-I x IS(LOW)x Duty Cycle 


where \s (LOW)is ISUPPLY(ON) at (V+ - V-I 


(V+ -V-) 
ISUPPLY(ON) is 40 mA x --- 
worst case 
I 
20V 
(V+ -V-) 


or 30 mA x --wv typically 


AC transient 
power per driver: 


AC transient 
power is given by, 


PAC = (V+ _V-)2 
x CL.x f x 10-,-3 in mW 


where 
If = frequency 
of 
operation 
in 
MHz 
and 
CL = load 


capacitance 
including all strays and wiring in pF. 


PACKAGE SELECTION 


Power IratingS are 
based 
on a maximum 
junction 
rating 
of 


17SoC. 
The 
following 
guidelines 
are suggested 
for 
package 


selection. 
Graphs 
shown 
in the Performance 
Curves illustrate 
derating 
for various operating 
temperatures. 


TO-S ("H") 
Package: 
Rated 
at 600 mW in still air (derate 
at 


4.0 mWfC 
above 
2SoC) 
and 
rated 
at 900 mW with 
dip-on 


heat 
sink 
(derate 
at 6.0 mWfC 
above 
2SoCl. 
This 
popular 


hermetic 
package 
is recommended 
for 
small 
systems. 
I,.ow 
cost 
(about 
101i) clip-an-heat 
sink 
increases 
driving 
power 


dissipation 
capability 
by SO%. 


8-pin 
("N") 
Molded 
Mini-DIP: 
Rated 
at 600 mW still air 


(derate 
at 
4.0 mWfC 
above 
2SoC) 
and 
rated 
at 
1.0 watt 


soldere<;l to PC board (derate at 6.6 mWf' Cl. Constructed 
with 


a specidl copper 
lead frame, 
this package 
is recom mended 
for 


medium 
size commercial 
systems particularly 
where automatic 


VIN -sv 
PRF -lMHz 


PW-O.5$lS 
1,·tf<10ns 
Ras",lkn 


insertion 
is used. 
(Please note 
for 
prototype 
work, 
that 
this 


package 
is only 
rated 
at 600 mW when 
mounted 
in a socket 


and not one watt until it is soldered 
down.) 


C 
( 
) - 103 (Pmax Req -103n 
(V+ _V-)2 
Duty Cycle) 
L max 
-- 
- 
. 
n 
Req (V+ _V-)2 
x f 


where n is the number 
of drivers used in the package. 


Pmax. is the 
package 
power 
rating 
in milliwatts 
for 
given 


package, heat sink, and maximum 
ambient 
temperature. 


Req is the equivalent 
resistance 
(V+ -V-)/IS(LOW) 
= soon 


(worst case over temperature 
or 600 n (typically). 


Duty cycle is the fraction 
of the time that the output 
signal is 


in the LOW state. 


f is the input signal frequency 
in MHz. 


CUmax.) 
is the maximum 
load capacitance 
per driver 
in pico- 


farads 
which 
can be driven 
without 
exceeding 
device 
power 


limits. 


When used as a non-overlapping 
two 
phase 
driver 
with 
each 
side operating 
at the same frequency 
and duty cycle, and with 


(V+ -V-) 
-17V, 
the above equation 
simplifies to 


103 fPmax. 
] 
CL = -f- 
L S78 
- Duty Cycle 


Table 
I gives maximum 
drive 
capability 
for 
various 
system 
conditions 
using the above equation. 


The 
Am0026 
is intended 
for applications 
in which the input 


pulse width 
sets the output 
pulse width; 
i.e., the output 
pulse 


width 
is logically 
controlled 
by the 
input 
pulse. 
The output 


pulse width 
is given by: 


(PW)OUT = (PW)IN + tf = PW1N + 2S ns 


Two external 
input coupling capacitors 
are required to perform 


the level translation 
between 
TTLlDTL 
and MaS 
logic levels. 


Selection 
of the 
capacitor 
size" is determined 
by the 
desired 


output 
pulse width. Minimum delay and optimum 
performance 


is attained 
when the voltage at the input 
of the Am0026 
dis- 


charges 
to just above 
the 
devices 
threshold 
(about 
l,S Vl. If 


the 
input 
is allowed 
to 
discharge 
below 
the 
threshold, 
tr 


and tf will be degraded. 
The graph 
in the Performance 
Curves 


shows 
optimum 
values 
for 
C1N versus 
desired 
output 
pulse 


width. The value for C1N mav be roughly 
predicted 
by: 


C1N = (2 x 10-3 I (PWlouT 


For an output 
pulse width 
of SOOns, the optimum 
value for 


C1N 
is: 


RISE AND FALL TIME CONSIDERATIONS 
(Note 3) 


The Am0026's 
peak output 
current 
is limited 
to 
1.5 A. The 
peak current 
limitation 
restricts 
the maximum 
load capacitance 
which the drvice is capable of driving and is given by: 


I=CL~';;1.5A 
dt 


The rise time, t" for various loads may be predicted 
by: 


t, = (1'; V) 
(250 x 10-12 + CL) 


Where: 1'; V = the change in voltage across CL 


= V+ -V- 


I 
CL = The load capacitance 


or V+ -V- 
= 20V, CL = 1000pF, 
tr is: 


t,=(20V) 
(250x10-12 
+ 1000 x 10-12) 


I = 25 ns 


For small values of CL, the equation 
above predicts 
optimistic 
values for tr. The graph in the performance 
curves shows typical 


rise times for various load capacitances. 


The outpu 
fall time (see Graph) 
may be predicted 
by: 


tf = 2.2 R (CS +~) 
hFE 
+1 


CLOCK OyERSHOOT 


The 
output 
waveform 
of the 
Am0026 
can 
overshoot. 
The 
overshoot 
lis due 
to 
finite 
inductance 
of the 
clock 
lines. 
It 
occurs 
on ~he negative going edge when 07 saturates, 
and on 


the 
positive 
edge when 
03 turns 
OFF 
as the 
output 
goes 
through 
V+ - Vbe. The problem 
can be eliminated 
by placing 
a small 
series 
resistor 
in the 
output 
of the 
Am0026. 
The 


critical valve for Rs=2VI7CL 
where L is the self-inductance 
of 


the clock 
line. In practice, 
determination 
of a value for L is 


rather difficult. 
However, Rs is readily determined 
emperically, 


and 
values 
typically 
range 
between 
10 and 
5Hl. 
Rs 
does 


reduce rise and fall times as given by: 


tr = tr = 2.2Rs 
CL 


CLOCK LINE CROSS TALK 


At the system level, voltage spikes from 
<P1 may be transmitted 
to <P2 (and vice-versa) during the transition 
of $1 to MaS 
logic 
"1". 
The spike 
is due to mutual 
capacitance 
between 
clock 


lines and is, in general, 
aggravated 
by long clock 
lines when 


numerous 
registers 
are 
being driven. 
Transistors 
03 and 04 
on the ¢2 side of the 
Am0026 
are essentially 
"OFF" 
when 
<P2 is in the 
MaS 
logic "0" 
state since only micro-amperes 
are 


drawn 
from 
the device. When the spike is coupled 
to ¢2, the 
output 
has to drop at least 2 VBE before 
03 and 04 come on 
and pull the output 
back to V+. A simple method 
for elimin- 


ating or minimizing 
this effect is to add bleed resistors 
between 


the 
Am0026 
outputs 
and ground 
causing 
a current 
of a few 


milliamps 
to flow in 04. When a spike is coupled 
to the clock 


line 04 is already 
"ON" 
with a finite hfe' The spike is quickly 
clamped 
by 
04' 
Values 
for 
R depend 
on 
layout 
and 
the 


number 
of registers 
being driven 
and vary typically 
between 
2kand 
10kn. 


Adequate 
power supply decoupling 
is necessary for satisfactory 
operation. 
Decoupling 
of V+ to V- supply 
lines with at least 


0.1 J1F noninductive 
capacitors 
as close 
as possible 
to each 


Am0026 
is strongly 
recommended. 
This decoupling 
is neces- 
sary because 
otherwise 
1.5 ampere 
currents 
flow during 
logic 
transition 
in order to rapidly charge clock lines. 


TO·8 with 
TO-8 
Mini-DIP 
TO-5 and Mini-D IP 
14-Pin DIP 
Package Type 
Heat Sink 
Free Air 
Soldered 
Down 
Free Air 
Soldered Down 


~ 


Max. 
Ambient 
60°C 
85°C 
60°C 
85°C 
60°C 
85°C 
60°C 
85°C 
70°C 
Operating 
Duty 
Temp. 


Fre~uency 
Cycle 


100kHz 
5% 
30k 
24k 
19k 
'5k 
13k 
10k 
7.5k 
5.1 k 
11k 


500kHz 
'0% 
6.5k 
5.1 k 
4.1 k 
3.2k 
2.5k 
1.9k 
1.4k 
1.1 k 
2k 


''''Hz 
20% 
2.9k 
2.2k 
1.8k 
l.4k 
1.1 k 
840 
600 
420 
860 
2j\o1Hz 
25% 
l.4k 
1.1 k 
850 
650 
540 
400 
280 
'90 
390 
5)vlHZ 
25% 
620 
470 
380 
290 
220 
'60 
110 
75 
'65 


10MHz 
25% 
280 
220 
170 
'30 
110 
79 
55 
37 
90 


DC Coupled 
RAM Memory Address 


or Precharge Driver (Positive Supply Only) 


~PF2 


~PF4 


ITO 
AOORESS 
LINES 


ON 1103 
IMEMORY 
OEVICES 


nJ CLOCK 
INPUT 
210 


O.l~F 


~ 


Am1402 
1024-BIT 
SHIFT 
REGISTER 


TO 
ADDITIONAL 
SHIFT 
REGISTERS 


Am0056·Am0056C 


Distinctive 
Oharacteristics 


• 
20ns rise 
nd fall times with 
1000pF 
load 


• 
20V 
outp 
t voltage swing 


• 
± 1.5 amp 
outr>ut current 
drive 


• 
High speed 5 to 10MHz 
depending 
on load 


• 
100% reliability 
assurance testing 
in compliance 
with 


MIL-STD-883 


• 
Improved 
VOH 
compared 
with 
Am0026 


FUNCTIONAL 
DESCRIPTION 


The 
Am 
056 
is a dual 
high 
speed MOS.cIock 
driver 
and 
RAMS 
such as the 
1103 to provide 
address and precharge 
interface 
circuit. 
The 
device 
is 
particularly 
suitable 
for 
drive 
for 
memories 
up to 8k by 16-bits. 
driving 
t 
0 phase MaS 
circuits 
and can provide 
high speed 
operation 
even when 
driving 
into 
high capacitive 
loads. The 
device 
ac~ePts 
standard 
TTLlDTL 
outputs 
and 
converts 
them 
to cleOS logic 
levels. The 
output 
pulse width 
of the 
device is letermined 
by the input 
pulse width. 


The Aml56 
can operate 
with 
a variety 
of MaS 
circuits. 
A 


popular 
pplication 
is a two-phase 
clock 
timer 
for 
driving 


long 
silic 
n gate 
shift 
registers 
such 
as the 
Am1402/3/4 
series. A s ngle clock driver is able to drive 
10k bits at 5MHz. 


The 
devi 
e can also be used with 
standard 
dynamic 
MaS 


The device 
is available 
in a TO-99, 
one watt 
coppe( 
lead 


frame 8·pin mini·DIP, 
a one and one-half watt TO-8 package, 
and a ceramic 
DIP. 


The 
VBB terminal 
is intended 
to 
be connected 
through 
a 


series resistor 
to a supply 
higher than 
V+. This connection 
will 
enable 
the 
output 
to 
pull-up 
to V+ -0.1 
V. 
Under 
no 
conditions 
should 
the 
VBB terminal 
be connected 
directly 


to a positive 
supply 
as the device will 
be damaged when the 
driller 
switches 
LOW. 


EXTERNAL 


C,N 
o----lf--o 


INPUT 


ORDERING 
INFORMATION 


I 
T em peratu re 


NC 
Package 
Order 
Type 
Range 
Number 


VasA 


OUTPUT A 


TO·99 
O°C to 70°C 
DS0056CH 
NC 


Mini-DIP 
O°C to nioc 
DSOO56CN 
INPUT 
A 


Ceramic 
DIP 
o°c 
to 70°C 
DSOO56CJ 


NC 


Dice 
O°C to 70°C 
AMOO56XC 


v- 


TO-99 
-55°C 
to +125°C 
DSOO56H 


Ceramic 
DIP 
-55°C 
to +125°C 
DSOO56J 
Dice 
-55°C 
to +125°C 
AMOO56XM 


CONNECTION 
DIAGRAMS 


Top Views 


INPUT 
B 


NC 


NC 


Vea 
Awe 
OUTPUT 
A 


INPUT 
A 
2. 
7 
v+ 
v- 
J 
6 
Vea 
B 


INPUT 
B 
4 
5 
OUTPUT 
B 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


V+ - V1Differential 
Voltage 


-65°C 
to +150°C 


_55°C 
to +125°C 


100mA 


5.5V 


1.5A 


V+ +5.0V 


50mA 


-55°C 
to +125°C 
O°C to 70°C 


Current into 
Vss 


operati1g 
Temperature-Am0056 
Am0056C 


ELEC 
RICAL CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE (Unless Otherwise 
Noted) 


Typ. 


(Note 
2) 


VIN - 
V- 
= O.4V 


V+ -2.5 
V+ -1.4 


VOH 
Output 
HIGH Voltage 
VSS Open Circuit 
(RSS = 00) 


Volts 
(Logical "0" 
Output 
Voltage 1 
VIN - 
V- 
= O.4V 


RSS = 1kn; VSS VS;;' 
V+ +1.0V 
V+ 
-0.3 
V+-0.1 


VOL 
Output 
LOW Voltage 
VIN - 
V- 
= 2.4V 
V- 
+0.7 
V- 
+1.0 
Volts 
(Logical "1" 
Output 
Voltagel 


VIH 
Input 
HIGH 
Level 
VOUT = V- 
+1.0V 
2.0 
1.5 
Volts 


VIL 
Input 
LOW Level 
VOUT = V+ -1.0V 
0.6 
0.4 
Volts 


IlL 
Input 
LOW Current 
VIN - 
V- 
= OV. VOUT = V+ -1.0V 
-0.005 
-10 
IJ.A 


IIH 
Input 
HIGH Current 
VIN - 
V- 
= 2.4V, 
VOUT = V- 
+1.0V 
10 
15 
mA 


ICCON 
"ON" 
Supply Current 
V+ - 
V- 
= 20V, 
VIN - 
V- 
= 2.4V 
15 
30 
mA 


ICOM'L 
10 
100 
J1A 
ICCOFF 
"OFF" 
Supply Current 
V+ - 
V- 
= 20V, 
VIN - 
V- 
= O.OVI MIL 
50 
500 


I 
V+ - 
V- 
= 20V, 
VIN - 
V- 
= 2.4V 
ISS 
"ON" 
Supply Current 
VSS = V+ +3.0V, 
RSS = 1 kn 
22 
mA 


Notes: 
1. 
These 
specifications 
apply 
for 
V+ 
- 
v- 
= '0 V 
to 
20 V. 
CL 
== 
1000 
pF. 
over 
the 
temperature 
range 
_550 
C to + 1250 C for 
the 
Am0056 
and 
0° C to 


+ 70° C for the Am0056C. 


2. 
All 
typical 
values 
for 
T A = 25°C. 


I 
SWITCHING 
CHARACTERISTICS 
(Notes 1 and 2 Above) 


tPHL 
Turn ON Oelay 
5.0 
8.0 
12 
ns 


tpLH 
Turn OFF Oelay 
5.0 
12 
15 
ns 


V+ -V- 
= 17V, 


CL = 500pF 
15 
18 
tr 
Rise Time (Note 31 
ns 


CL = 1000pF 
20 
35 


tf 
Fall Time (Note 3) 


CL = 500pF 
12 
16 
V+-V-=17V, 
ns 
CL = 1000pF 
17 
25 


TYPICAL 
PERFORMANCE 
CURVES 


Power Ratings 
DC Power (Pod 
Transient Power (PAd 


TO-5 & a-Pin DIP 
Versus Duty Cycle (DC) 
Versus Frequency 


)2 
AmOOS6CN SOL DE FleD 
TO PC 80ARD 
300 


1 
1+ 
1 _12 
I +-:l 
1-1 
/ 


900 


WITH 8 CU CONDUCTORS 
800 --l~ 
1.0 - 


.102 x OJ'N 
WIDE 
..~,oc% 
;: 


100 
- -ll- _I~y 
/ 
- ~~l 
1 
1 


D 
1.33k 
/+ 
E 
"'~H 
AND AmQ056CH 
-I 


~ 
IN$TlLLA,RWlTHClIP 
, 
Q.• 


~ 
ON HEAjSINI< 
;: 
200 
-i/Qt~ 
or 
600 
- 
~I-.t 


E 
~. 
~ 
" ;t 


.6 
I 
./ 
2 
500 f- 7 ,,~- .~"""I--- 


.......... ~ 
"" 


or 
//M 


>- 
~ 
15 
400 
1/ 
0. 
r 


2 
100 
in 
300 
.......... 


~ 
V/ 
,//~ 
z 
/ 
/ 
I .2~- 
~ 


.2 
_A"'0056 
....•."'0 
~ 
_ 
I 
TA=25°C 
>- 
200 
I IJ 
V 
__-f'- 
I 
I 
AmOO56CH 
INSTILL 
AIR 
~;..-~ 
CL =0 
l00~ 
I-"'" 
V+-V 
-17V 


0 
0 
o 
- 
0 
25 
50 
15 
100 
125 
150 
0 
10 20 
30 40 
50 60 
70 
80 
90 
100 
·0 
1.0 
2.0 
3.0 
4.0 
5.0 


AMBIENT 
TEMPERATURE 
_ °c 
DUTY 
CYCLE 
- 
% 
FREQUENCY 
- 
MHz 


I 


Input Current 
Optimum Input Capacitance 
Versus Input Voltage 
Versus Output Pulse Width 


16 
800 
I I 
TA"25°C 
v+-v- ""20V 
/ 
14 
V+ •• 20V 
100 
« 
v- ..OV 
CL" 
1000pF 


-±vk 


E 
12 
600 
TA" 
25°C 


I 
>- 
10 
500 
~ 
8 
/ 
~~~ 


V 


400 
",~ 
::> 
O· 
u 
6 
300 
>- 
/ 
-I I 
ii' 
4 
200 
" 
'" 
NlAXCIN 
2 
100 


0 
-~ 
0 
11 


0 
0.5 
1.0 
1.5 
2.0 
2.5 
0 
200 
400 
600 
BOO 
1000 
1200 


INPUT 
VOLTAGE 
- 
V 
GIN - 
INPUT CAPACITANCE 
- 
pF 


LiC-612 


SWITCHING 
TIME WAVEFORMS 
AC TEST CIRCUIT 


90%4\ 


5V 
I_'L~RBB 


V,N 'N'UT 
-----=f"0% 
v· 


+5.0V 


r 


N 
VCEISAT) 
INPUT Ji 
I 


A 
H-" .f~·oo 


son 
<'N 
OUTPUT 
l\- 
~~ 
'7:" 


OUTPUT 


~.oo_ 


lit 
•..... 
2N2369A 0-2t 


INPUT 
I' 
10% 
VOL 
· L -J' '-~'I 


VIN 
aSV 


~IPLH 


PRF 
~ 
lMHz 


-=- 


tpHL ___ 
PW a 0.5", 


lr-1f<;10ns 


-:-F9; 
1'''-=- 


RSS"1kn 


LiC-613 
L1C-614 


Am0056/ Am0056C 


APPLICATION INFORMATION 


The total 
average power dissipation 
of the Am0056 
is the sum 


of the DC power and AC transient 
power. 
This total 
must be 
less than the given package power rating. 


POISS = PAC + POC .;; PMAX. 


With the device dissipating 
only 
10 mW when the output 
is at 
a 
HIGH 
voltage 
(MaS 
logic "0"), 
the 
dominant 
factor 
in 
average 
DC power 
is the 
duty 
cycle 
or fraction 
of the time 
the 
output 
is at a LOW voltage 
level (MaS 
logic "1"). 
For 
the shift register 
driving where the duty cycle is less than 25%, 
POC is usually 
negligible. 
For 
RAM address 
line driver appli- 
cations 
POC dominates 
since duty cycle can exceed 50%. 


DC Power per Driver 


DC power is given by, 


POC = (V+ - V-I x Is (LOW)x Duty Cycle 


where IS (LOW)is ISUPPLY(ON) at (V+ -V-) 


(V+ -V-) 
ISUPPLY(ON) is 30m A x ~ 
worst case 


(V+ -V-) 


or 15mA x wv typically 


AC Tr1nsient 
Power per Driver 


AC transient 
power is given by, 


PAC = (V+ _V-)2 
x CL x f x 10-3 
in mW 


where 
f = frequency 
of 
operation 
in 
MHz 
and 
CL = load 
capacitance 
including all strays and wiring in pF. 


Power 
ratings 
are 
based 
on 
a maximum 
junction 
rating 
of 
175°C. 
The 
following 
guidelines 
are 
suggested 
for 
package 
selection. 
Graphs 
shown 
in the Performance 
Curves illustrate 
derating 
for various operating 
temperatures. 


TO-99 ("H") 
Package: 
Rated 
at 600 mW in still air (derate 
at 
4.0 mWfC 
above 
25°C) 
and 
rated 
at 900 mW with 
dip-on 


heat 
sink 
(derate 
at 
6.0 mWfC 
above 
25°C). 
This 
popular 


hermetic 
package 
is recommended 
for 
small 
systems. 
Low 
cost 
(qbout 
10(/) c1ip-on-heat 
sink 
increases 
driving 
po;"'er 
dissipa~ion capability 
by 50%. 


8-pin 
("1\1") Molded 
Mini-DIP: 
Rated 
at 600 mW still 
air 


(derate 
at 
4.0 mWfC 
above 
25°C) 
and 
rated 
at 
1.0 watt 


solderetl 
to PC board (derate at 6.6 mWfC). 
Constructed 
with 


a special copper 
lead frame, 
this package 
is recommended 
for 


medium 
size commercial 
systems 
particularly 
where automatic 


insertion 
is used. 
(Please 
note 
for prototype 
work, 
that 
this 
paCkagy is only 
rated 
at 600 mW when 
mounted 
in a socket 


and not one watt until it is soldered 
down.) 


TO-8 
("G") 
Package: 
Rated 
at 1.5 watts 
still air (derate 
at 


10mWfC 
above 
25°C) 
and 2.3 watts 
with 
clip on heat sink 


(Wakefield type 
215-1.9 
or equivalent 
- 
derate at 15mWfC). 


Selected 
for its power 
handling 
capability 
and moderate 
cost, 
this 
hermetic 
package 
wi II arive 
very 
large systems 
at the 
lowest 
cost 
per 
bit. 


MAXIMUM 
LOAD CONSIDERATIONS 


The maximum 
capacitive 
load that 
the 
Am0056 
can drive is 
determined 
by: 


The package power rating 
for a given package, heatsink, 
and maximum 
ambient 
temperature 


Combining 
these expressions: 


103 


CL(max) 
= --;:;- 
(Pmax Req - nVs2p x 103) 


Vs2f Req 


Where 
n 


Vs 
= number 
of drivers employed 
in the package 


total supply voltage (V+ - V-I 
across 


device 
duty cycle = time in output 
LOW state/ 


time in output 
LOW + time in output 


HIGH 


(V+ -V-)/Icc 
ON 


or 1300 n TYP 


When used as a non-overlapping, 
two-phase 
driver with each 
side operating 
at the same frequency 
and duty cycle and with 


Vs = 17 V, the above equation 
reduces to: 


103 
Pmax 


CLImax) 
= f 
(578 
- 
p ) 


PULSE WIDTH CONTROL 


The 
Am0056 
is intended 
for applications 
in which 
the input 
pulse width 
sets the output 
pulse width; 
i.e., the output 
pulse 
width 
is logically 
controlled 
by the 
input 
pulse. 
The output 
pulse width 
is given by: 


Two external 
input coupling 
capacitors 
are re,quired to perform 


the level translation 
between 
TTLlDTL 
and MaS 
logic levels. 


Selection 
of the 
capacitor 
size is determined 
by the 
desired 
output 
pulse width. Minimum delay and optimum 
performance 


is attained 
when the voltage at the input 
of the 
Am0056 
dis- 


charges 
to just above 
the 
devices 
threshold 
(about 
1.5 V). If 


the 
input 
is allowed 
to 
discharge 
below 
the 
threshold, 
tr 


and tf will be degraded. 
The graph in the Performance 
Curves 
shows 
optimum 
values 
for 
CIN versus 
desired 
output 
pulse 
width. The value for CIN may be roughly 
predicted 
by: 


CIN (3 x 10-3) 
(PW)OUT 


For an output 
pulse width 
of 500 ns, the optimum 
value for 


C1N is: 


The Am0056's 
peak output 
current 
is limited 
to 
1.5 A. The 


peak current 
limitation 
restricts 
the maximum 
load capacitance 


which the device is capable of driving and is given by: 


I=CL~';;1.5A 
dt 


The rise time, tr, for various loads may be predicted 
by: 


tr; 
(t:. Y) 
(250 x 10-12 + CL) 


Where: t:. Y ; the change in voltage across CL 


~ y+ -Y- 


I 
C L ; The load ca pacitance 


for y+ -Y-; 
20Y, CL 
; 1000pF, 
tr is: 


tr~{20Y) 
(250x10-12+1000x10-12) 


; 25 ns 


For small v' lues of CL, the equation 
above predicts 
optimistic 


values for tr 


CLOCK O~ERSHOOT 


The 
outpu 
waveform 
of the 
Am0056 
can 
overshoot. 
The 
overshoot 
is due 
to 
finite 
inductance 
of the 
clock 
lines. 
It 


occurs 
on t~e negative 
going edge when 
Q7 saturates, 
and on 


the 
positive 
edge when 
Q3 turns 
OFF 
as the 
output 
goes 
through 
V+ - Ybe. The problem 
can be eliminated 
by placing 


a small 
series 
resistor 
in the 
output 
of the 
Am0056. 
The 
critical value for RS ;2v'L/CL 
where L is the self-inductance 
of 


the 
clock 
line. 
In practice, 
determination 
of a value for L is 


rather difficult. 
However, Rs is readily determined 
emperically, 


and 
values 
typically 
range 
between 
10 and 
51S1. 
Rs 
does 


reduce rise and fall times as given by: 


tr; 
tf ~ 2.2RS CL 


CLOCK LINE CROSS TALK 


At the system level, voltage spikes from 1>1may be transmitted 
to 1>2(and vice-versa) during the transition 
of <1>1to MaS logic 
"1". 
The spike 
is due to mutual 
capacitance 
between 
clock 


lines and 
is, in general, 
aggravated 
by long clock 
lines when 


numerous 
registers 
are 
being driven. 
Transistors 
Q3 and 
Q4 
on the 1>2 side of the 
Am0056 
are essentially 
"OFF" 
when 


1>2is in the MaS logic "0" 
state since only micro-amperes 
are 


drawn 
from 
the device. When the spike is coupled 
to 1>2,the 


output 
will drop until 
Q4 becomes active. A simple method 
for 
eliminating 
or minimizing 
this effect 
is to add bleed resistors 


between 
the Am0056 
outputs 
and ground 
causing a current 
of 
a few milliamps 
to flow in ~. 
When a spike is coupled 
to the 
clock 
line Q4 is already 
"ON" 
with a finite 
hfe. The spike is 


quickly 
clamped 
by ~. 
Yalues for R depend 
on layout 
and 


the number 
of registers being driven and vary typically 
between 
2k and 10kS1. 


POWER SUPPLY DECOUPLING 


Adequate 
power supply decoupling 
is necessary for satisfactory 
operation. 
Decoupling 
of y+ and Y- 
supply lines with at least 


0.1 pF 
non inductive 
capacitors 
as close as possible 
to each 


Am0056 
is strongly 
recommended. 
This decoupling 
is neces- 
sary 
because 
of the 
1.5 ampere 
currents 
which 
flow during 


logic transition 
when charging clock lines. 


TO-8 with 
TO-8 
Mini-DIP 
TO-5 and Mini-DIP 
14·Pin DIP 


Package Type 
Heat Sink 
Free Air 
Soldered Down 
Free Air 
Soldered Down 


PMaxmW 
1775 
1400 
1150 
900 
769 
604 
460 
360 
665 
Ma,\, 


Opera~ing 
Duty 
Ambient 
60°C 
85°C 
60°C 
85°C 
60°C 
85°C 
60°C 
85°C 
70°C 
Frequ~ncy 
Cycle 
Temp. 


100kbz 
5% 
30k 
24k 
19k 
15k 
13k 
10k 
7.5k 
5.1 k 
11 k 


500k~z 
10% 
6.0k 
4.6k 
3.8k 
2.9k 
2.5k 
1.9k 
1.4k 
1.0k 
2k 


lMHz 
20% 
2.9k 
2.2k 
1.8k 
1.4k 
1.1 k 
840 
600 
420 
860 


2MHz 
25% 
l.4k 
1.1 k 
870 
650 
540 
400 
270 
190 
390 


5MHz 
25% 
560 
440 
350 
260 
220 
160 
110 
75 
165 


lOMHz 
25% 
280 
220 
170 
130 
110 
80 
55 
37 
90 


TYPICAL APPLICATIONS 
DC Coupled 
RAM Memory Address 
AC Coupled 
MOS Clock Driver 
or Precharge 
Driver (Positive Supply Only) 


~OOOPF2 


TTL CLOCK 


INPUT 


210 


Am1402 
1024·BIT 


SHIFT 
REGISTER 


O.l$olFq 
+8V 


1k 


" 
OUTPUT 


1k 
., 
IO.'$olF 


OTUPUT 


TO 
ADDITIONAL 
SHIFT 


REGISTERS 


Am8224 


Distinctive 
c~aracteristics 


• 
Single 
chi 
clock 
generator/driver 
for 
8080A 
com- 


patible 
CP 
• 
Power-up 
~eset for CPU 


• 
Ready synf.hronizing 
flip-flop 
• 
Status str9be signal 
• 
Oscillator 
Futput 
for external 
system timing 


• 
Am8224- 
version 
available 
for 
use with 
1J.lsec in- 


struction 
ycle of Am9080A-4 


FUNCTIONfL 
DESCRIPTION 


The Am822f 
is a single chip Clock Generator/Driver 
for the 
Am9080A 
and 
8080A 
CPU. It contains 
a crystal-controlled 


oscillator, 
a "divide 
by nine" 
counter, 
two 
high-level drivers 
and 
several 
auxiliary 
logic functions, 
including 
a power-up 


reset, 
status 
strobe 
and synchronization 
of ready. 
Also pro- 


vided 
are 
TL 
compatible 
oscillator 
and 
</>2outputs 
for 


external 
sys em timing. 
The 
Am8224 
provides 
the. designer 


with 
a sign ficant 
reduction 
of 
packages 
used 
to 
generate 
clocks and t ming for the Am9080A 
or 8080A 
for both com- 
mercial 
and 
military 
temperature 
range applications. 
A high 


speed versio~, the Am8224-4, 
is available for use with the high 


speed Am90~OA-4. 


I 
LOGIC DIAGRAM 


XTAl 
1 
15 


12 
14 
DSC 


XTAL 
2 


13 
TANK 
11 


'1 


CLOCK 
10 


GEN 
" 
~9 


<pzlTTU 


SYNC 
STSTB 


RES!N 


SCHMITT 


RESET 
INPUT 


ADYIN 
0 
Q 
READY 


Package 
Type 


Hermetic 
DIP 
Hermetic 
DIP 
Molded 
IP 
Dice 
Hermetic 
IP 


Temperature 
Range 


_55° C to +125° C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


Order 
Number 


AM8224DM 
08224 
AM8224PC 
AM8224XC 
AM8224-4DC* 


• 
Available 
for 
operation 
over 
both 
commercial 
and 


military 
temperature 
ranges 


• 
Crystal controlled 
for stable system operation 


• 
Reduces system package count 


• 
Advanced 
Schottky 
processing 


• 
100% reliability 
assurance testing 
in compliance 
with 


M I L-STD-883 


XTAL 
1 


CONNECTIONS 
FOR 
CRYSTAL 


XTAL2 


TANK 
USED 
WITH 
OVERTONE 
XTAL 


OSC 
OSCILLATOR 
OUTPUT 


<1>2(TTLI 
<1>2CLK 
(TTL 
LEVEll 


VCC 
+5.0V 


VDD 
+12V 


GND 
OV 


RESIN 
RESET 
INPUT 


RESET 
RESET 
OUTPUT 


RDYIN 
READY 
INPUT 


READY 
READY 
OUTPUT 


SYNC 
SYNC 
INPUT 


STSTB 
STATUS 
STB (ACTIVE 
LOW) 


<1>1 


Am9080A/8080A 
CLOCKS 
<1>2 


CONNECTION 
DIAGRAM 


Top View 


RESET 
VCC 


RESIN 
XTAll 


RDYIN 
XTAL 
2 


READY 
TANK 


SYNC 
DSC 


92lTTL} 
., 


STSTB 
" 


GNO 


Supply 
oltage to Ground 
Potential 


~ 


VDD 
iVIaximufTlOutput 
Current 
1>t and 1>2(Note 1) 


7.5V 


15V 


100mA 


ELEC~RICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
The Fol oWing Conditions 
Apply Unless Otherwise 
Noted 


Am8224 
C, Am82244XC 
(COM'Ll 
TA ~ DoC to +70°C 
VCC ~ 5 OV ± 5% 
VDD 
~ 12V ± 5% 


Am8224 


1 


CIMILl 
TA=-55°Cto+125°C 
VCC=50V±10% 
VDD~12V±10% 


Parameters 
Description 
Test Conditions 
Min. 
Typ. 


(Note 
2) 


IF 
Input Current- Loading 
VF ~ 0.45V 
-0.25 
mA 


IR 
Input Leakage 
.Current 
VR ~ 5.25V 
10 
p.A 


I 


I 
COM'L 
-1.0 


Vc 
Input 
Forward 
Clamp Voltage 
IC ~ -5.0mA 
Volts 


MIL 
-1.2 


VIL 
Input 
LOW VOltage 
VCC = 5.0V 
0.8 
Volts 


COM'L 
2.6 
2.2 


Reset 
input 


Volts 
VIH 
Input 
HIGH 
Voltage 
MIL 
2.8 
2.2 


All other inputs 
2.0 


VIWVIIL 
RESIN 
Input 
Hysteresis 
VCC ~ 5.0V 
0.25 
0.5 
Vohs 


1<1>1, <1>2), 
Ready, Reset, STSTB 


IOL ~ 2.5mA 
0.45 


VOL 
Output 
LOW Voltage 
Volts 


All other 
inputs 


I 


IOL = 15mA 
0.45 


COM'L 
9.4 
11 


<1>1, <1>2; IOH ~ -100p.A 
VDD -1.6V 
VDD-1.0V 
MIL 


VOH 
Output 
HIGH 
Voltage 
COM'L 
3.6 
4.0 
Volts 


READY, 
RESET; 
IOH ~ -100p.A 
MIL 
3.35 
4.0 


All other 
outputs; IOH := -1.0mA 
2.4 
3.0 


ISC 


I 


Output Short Circuit Current 
Vo 
~ OV 


-10 
-60 
mA 
(All 
Low Voltage 
Outputs 
Only) 
VCC = 5.0V 


ICC 
Power Supply 
Current 
VCC ~ MAX. 
(Note 3) 
70 
115 
mA 


IDD 
Power Supply 
Current 
VDD 
- MAX. 
5.0 
12 
mA 


Notes: 
1., Caution: 
4>1and ¢2 o~JtPuts do not have short 
circuit 
protection. 


2. 
Typical 
limits 
are at VCC:= 
5.0V, 
VOO 
=:: 
12 V, 25°C 
ambient 
and 
maximum 
loading. 


3. 
For 
conditions 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


CRYSTAL 
REOUIREMENTS 
TEST CIRCUIT 


Vcc 


Tolerance: 
.005% at 0° C - 70° C 
Resonance: 
Series (Fundamental)* 
", 
Load Capacitance: 
20-35pF 
Equivalent 
Resistance: 
75-20 ohms 
INPUT 
ICL 


Power Dissipation 
(Min): 
4mW 


"2 


*With 
frequency 
in excess of 18MHz 
I 
use 3rd overtone 
XTALs 
and tank 


circuit. 
-=- 


LlC-621 


AC CHAR1CTERISTICS 
OVER OPERATING TEMPERATURE 
RANGE 


Am8224XM 


Min. 
Typ. 
Max. 


Am8224XC 


Typ. 


Am8224·4XC 
(Note 21 


Min. 
Typ. 
Max. 


J, Pulse Width 
2tCY 
2tCY 
45 
'.p1 
---23ns 
---20ns 
9 
9 


5tCY 
5tCY 
110 
t.p2 
Pulse Width 
---35ns 
---35n5 
9 
9 


tD1 
1 to 4>2 Delay 
0 
0 
0 
CL '20pF 


2tCY 
2tCY 
ns· 


tD2 
2 to 411 Delay 
to 50pF 
-- 
-17n5 
---14n .. 
35 
9 
9 


2tCY 
2'CY 
2tCY 
2tCY 
76 
'03 
1 to ¢2 Delay 
--+22ns 
--+20ns 
55 
9 
9 
9 
9 


tr 
1 and 4'2 Rise Time 
20 
20 
20 


'f 
1 and 1>2Fall Time 
20 
20 
20 


.p2(TTLI, 


'D.p2 
2 to <P2ITTLI 
Delay 
CL ' 30pF 
-5.0 
15 
-5.0 
15 
-5.0 
15 
ns 
R, , 300n 
R2' 
600n 


~ 
to STSTB Delay 
6'CY 
6'CY 
6tCY 
6tCY 


137 
167 
toss 
---33ns 
-- 
---30ns 
-- 


9 
9 
9 
9 


~ 
Pulse Width 
STSTB, 
'CY 
'CY 
lB 
tpw 
--18ns 
--15ns 
CL'15pF. 
9 
9 
ns 
DYIN 
Set-up 
Time 
R, ' 2.0kn 
4'CY 
4tCY 
tORS 
o Status Strobe 
R2' 
4.0kn 
50ns--- 
50n5--- 
-61 
9 
9 


!OYIN 
Hold Time 
45CY 
4tCY 


111 
tDRH 
I fter STSTB 
9 
9 
. 


Ready and Reset 
DYIN or RESIN 
CL ~ 10pF 
4tCY 
4tCY 
86 
tOR 
---25ns 
---25ns 
ns 
o ¢2 Delay 
R, , 2.0kn 
9 
9 


R2 ~ 4.0kn 


LK Period 
'CY 
'CY 
28 
tCLK 
- 


9 
9 


fMax. 


~axjmum 
Oscillating 
27 
28.12 
36 
MHz 
~requency 
I 
VCC - 5.0V 


Cin 
rput 
Cani'lcitance 
VDD'12V 
8.0 
8.0 
8.0 
pF 
V81AS' 
2.5V 
f = 1.0MHz 


I 


AC CHAR 
CTERISTICS (For tCY = 488.28ns) 


T A = o°c to +7rOC 
VCC 
= +5.QV 
±5% 
Voo 
= +12V 
±ii% 


Parameters 
Description 


t.p1 
</>1Pulse Width 
89 
ns 


t</>2 
</>2Pulse Wid'h 
236 
ns 


tD1 
Delay 
</>1'0 </>2 
0 
ns 


tD2 
Delay 
</>2'0 </>1 
</>1and </>2Loaded 


95 
ns 
CL = 20 to 5DpF 


tD3 
Delay 
</>1to </>2Leading 
Edges 
109 
129 
ns 


tr 
Output 
Rise Time 
20 
ns 


tf 
Output 
Fall Time 
20 
ns 


toss 
</>2to STSTB 
Delay 
296 
326 
ns 


to</>2 
</>2to </>2(TTLI 
Delay 
-5.0 
15 
ns 


tpw 
, Status Strobe Pulse Width 
40 
ns 


tORS 
RDYIN 
Set-up 
Time 
to STSTB 
Ready and Reset 
Loaded 
-167 
ns 


tDRH 
RDYIN 
Hold 
Time 
After 
STSTB 
CL = 20 to 50pF 
217 
ns 


tOR 
Ready 
or Reset to </>2Delay 
Rl 
= 2.0kn 
,R2 
= 4.0kn 
192 
ns 


FREQ 
Oscillator 
Frequency 
18.432 
MHz 


Notes: 
1. Allm 
asurements 
referenced 
to J .5V unless specified 
otherwise. 
2. Am8 
·24-4 parameter 
limits 
are given for tCY 
= 250ns or an oscillating 
frequency 
of 36MHz. 
Between 28.12MHz 
and 36MHz 
min. and max. limits 


shoul 
be ratioed 
between the calculated 
Am8224XC 
limits 
at 28.12MHz 
and the given 36M Hz parameter 
limits. 


\ 
/ 
I 
i',wi 
I 
'DSS I 
i',wi 


STSTB~ 
"LJ" 
=r=Jt 


DRS 


'DRH 
-=::::E1 
_ 


OR RR~~:~ 
I 
------------ 


I'DR-1 
RE~~~-------------------___x= I 
_ 


~'DR~t 


rhe 
oscillator 
cIrcuit 
derives 
its basic 
operating 
frequency 
from 
an external, 
series resonant, 
fundamental 
mode crystal. 


Two inputs 
are provided 
for the crystal connections 
(XTAL 1, 


XTAL2). 


The sel1ction of the external 
crystal frequency 
depends 
mainly 


on 
the 
speed 
at which 
the 
CPU is to be run. 
Basically, 
the 


oscillator 
operates 
at 9 times the desired processor 
speed. 


When using crystals above 10MHz a small amount 
of frequency 


"trimming" 
is necessary to produce 
the desired frequency. 
The 


addition 
of 
a selected 
capacitance 
(20pF 
- 
30pF) 
in series 


with the crystal will accomplish 
this function. 


Anothe 
input 
to the 
oscillator 
is TANK. 
This input 
allows 


the use overtone 
mode crystals. 
This type of crystal generally 
has a much 
lower output 
at its rated frequency 
and has a ten- 
dency t6 oscillate at its fundamental. 


To avoid 
the 
unwanted 
oscillation 
and 
increase 
the desired 
frequency 
output 
it is necessary 
to provide 
a parallel 
tuned 
resonant 
circuit of low impedance. 
The external 
LC network 
is 


connected 
to the TAN K input and is AC coupled. 
See typical 
application 
with Am8228 
and Am9080A 
in Figure 2. 


The formula 
for the LC network 
is: 


F = 
1 


211 v'LC 


The 
output 
of 
the 
oscillator 
is buffered 
and 
brought 
out 
on OSC (pin 12) so that 
other 
system 
timing 
signals can be 
derived from this stable, crystal-controlled 
source. 


Clock Generator 


The 
Clock 
Generator 
consists 
of a synchronous 
"divide 
by 


nine" 
counter 
and the associated 
decode 
gating to create 
the 


waveforms 
of the two clocks and auxiliary 
timing signals. 


The 
waveforms 
generated 
by 
the 
decode 
gating 
follow 
a 


simple 
2-5-2 
digital 
pattern. 
See 
Figure 
2. The clocks 
gen- 


erated; 
q,1 and 
q,2, can 
best be thought 
of as consisting 
of 
"units" 
based 
on the 
oscillator 
frequency. 
Assume 
that 
one 


"unit" 
equals the period 
of the oscillator 
frequency. 
By mul- 


tiplying 
the 
number 
of "units" 
that are contained 
in a pulse 


width 
or delay, 
times 
the 
period 
of the oscillator 
frequency, 


the approximate 
time in nanoseconds 
can be derived. 


The 
outpu 
s of the 
clock 
generator 
are 
connected 
to 
two 
high level 
rivers for direct 
interface 
to the CPU. A TTL level 


phase 
2 is also brought 
out 
rf>2 (TTL) 
for 
external 
timing 
purposes. 
I 
is especially 
useful in OMA dependent 
activities. 
This signal is used to gate the requesting 
device onto 
the bus 


once the C U issues the Hold Acknowledgement 
(H LOA). 


Several 
ot1er 
signals 
are 
also 
generated 
internally 
so that 


optimum 
t ming of the 
auxiliary 
flip-flops 
and status 
strobe 
(STSTB) is achieved. 


1 
lUNIT'" 
-- 


ose. 
FREQ 


EXAMPLE 
ley 
- 500n5 


CSC 
= 18mHz/55ns 


4>1= 110n$(o2:o: 55ns) 
tP2= 275ns(S:o: 55ns) 
4>2-4', = 110n5 (2 
:0:. 55ns) 


___ 
I F;,,~ 
,. CI.,k G•• mw, W••• f.,m•. 


STSTB (Status 
Strobe) 


At the begjnning 
of each machine 
cyi:le the CPU issues status 


information 
on its data bus. This information 
tells what type 
of action w~1ltake place during that machine cycle. By bringing 
in the SY 
C signal from the CPU, and gating it with an inter- 
nal timing 
signal 
(rf>lA), 
an active 
low strobe 
can be derived 


that 
occur 
at the 
start 
of each machine 
cycle at the earliest 


possible 
m ment 
that 
status 
data 
is stable. on the 
bus. The 
STSTB sig al connects 
directly 
to the Am8228 
System 
Con- 


troller. 
I 


The 
power on 
Reset 
also generates 
STSTB, 
but 
of course, 


for a longe 
period 
of time. This feature 
allows the Am8228 
to be auto 
atically 
reset without 
additional 
pins devoted 
for 


this functio 


Power-On 
Reset and Ready 
Flip-Flops 


A common 
function 
in microcomputer 
systems 
is the genera- 


tion 
of an automatic 
system 
reset and start-up 
upon 
initial 


power-on. 
he Am8224 
has a built-in 
feature 
to accomplish 


th is feature 


An externa 
RC network 
is connected 
to the 
RESI N input. 


The slow t ansition 
of the power supply 
rise is sensed by an 


internal 
Sc~mitt 
Trigger. This circuit 
converts 
the slow trans- 


ition 
into 
A clean, 
fast 
edge when 
its input 
level reaches 
a 
predetermined 
value. 
The 
output 
of the 
Schmitt 
Trigger 
is 
connected 
to a "0" 
type 
flip-flop 
that 
is clocked 
with 
rf>2D 


(an 
internal 
timing 
signal). 
The 
flip-flop 
is synchronously 
reset 
and an active 
high level that 
complies 
with the 
micro- 
processor 
input 
spec 
is generated. 
For 
manual 
switch 
type 
system 
Reset 
circuits, 
an active 
low switch 
closing 
can 
be 
connected fO the 
RESI N input 
in addition 
to the 
power-on 
RC networ 
'. 


The READ 
input to the CPU has certain timing specifications 
such as "se ,-up and hold" thus, an external 
synchronizing 
flip- 


flop 
is required. 
The Am8224 
has this feature 
built-in. 
The 


ROYIN 
input 
presents 
the 
asynchronous 
"wait 
request" 
to 


the 
"0" 
type 
flip-flop. 
By clocking 
the flip-flop 
with 
rf>2D, a 
synchronized 
READY signal at the correct 
input 
level, can be 
connected 
directly 
to the CPU. 


USED 
ONLY 
FOR 


OVERTONE 
CRYSTALS 
I---~ 
IrQl 
L~2N~~ 


Figure 2. Typical Application 
with Am8224 


and Am9080A. 


APPLICATION 
PRECAUTIONS 
WHEN USING Am8224 
UP 
~ 


TO 36MHz 
IiiI 


Usage with Third Harmonic 
Crystal or Am9080A·4 


The use of the Am8224 
with a third harmonic 
crystal requires 


a minor 
modification 
to the external 
circuitry 
associated 
with 


the Am8224. 
The changes are as follows: 


- Series capacitor 
in conjunction 
with the xtal 


- Adding a tuned circuit 
in the "tank" 
lead 


- Tuning of circuit to proper frequency 


It is-necessary 
to maintain 
the crystal activity to a proper level 


if an xtal controlled 
circuit is to operate 
properly. 
A 20·30pfd 


capacitor 
placed 
in series will help achieve this level in third 
overtone 
crystal, 
while helping 
to suppress 
the 
fundamental 


mode. 
The Am8224 
has an auxiliary 
port 
provided 
to allow 


for a tuned 
circuit. 
This tuned 
circuit eliminates 
the tendency 


of the 
circuit 
to 
oscillate 
at the 
crystal's 
fundamental. 
The 


tank or tuned circuit must have the following 
properties: 


1. It must be parallel 
resonant 
at the crystal 
frequency 
(third 
order). 


2. The off resonance 
impedance 
must be low enough 
to spoil 


the AC gain of the Am8224. 


3. The circuit 
must be DC decoupled 
(or returned 
to Vccl at 


a low impedance 
(substantially 
below 100,\),). 


All frequency 
determining 
components 
must be in close prox- 
imity 
to the 
Am8224. 
Insert 
crystal 
and tune 
tank 
for best 


waveform 
at Pin 12 (OSC). If counter 
is available, 
adjust 
for 


match 
of crystal 
marking. 
The circuit 
in Figure 3 will accom· 
plish the above result for the 36MHz range. 


RESET 


RESIN 


RDYIN 


C2> 
READY 
1000pF 


SYNC 


412ITTLl 


STSTB 


GND 


C. 
20-JOpF 


vCCf~36MH' 
~THIRD 
XTAll 
T OVERTONE 


C3> 
1000pF 


TANK---1 


c, = ~.F. Johnson 
275-0430-005 


5 


r 


30PF 
Trimmer 
or Equiv. 


L, = J.W. Miller 
Inductor 


9230-08 


Vcc Ground 


Due to the nature of our device (fast switching, 
higher voltage) 


it 
is necessary 
to 
provide 
a bypass capacitor 
from 
V CC to 


ground 
in 
the 
immediate 
proximity 
of 
the 
Am8224. 
This 


insures 
proper 
operation 
of the device 
while 
reducing 
noise 


spiking 
on adjacent circuits. 


Resin Bypass 


The use of a high impedance 
capacitor 
for timing 
R-C, and/or 


timing 
components 
remotely 
located from 
the Am8224 
device 


may cause a disturbance 
to occur 
during 
the linear 
transition 


region. The capacitor 
for this function 
should 
be of the ceramic 


type and a value of 1000pF 
or greater. 


This 
can be cured 
by 
placing 
a >1000pfd 
ceramic 
capacitor 


from 
Resin (Pin 2) to Ground 
(Pin 8) in the immediate 
prox- 


imity 
of the device. This will allow the timing 
R-C to be placed 


at will. 


------II 
~ 
~:~ETRNAl 


10,OOOpF 


The 
Am8224 
can be driven 
from 
an external 
source 
of 
fre- 


quency by connecting 
as shown and driven with 
approximately 


500mV 
over a wide frequency 
range. 


The 
Am8224 
can oscillate 
without 
a xtal 
by placing 
a small 
value capacitor 
(10-7200pF) 
in place of a crystal. 


Am8228· Am8238 
System Controller and Bus Driver for 8080A 
Compatible Microprocessors 


Distinctive 
Characteristics 


• 
Multi-byte 
instruction 
interrupt 
acknowledge 


• 
Selecfable single level vectored interrupt 
(RST-7) 


• 
28-pir 
molded or hermetic DIP package 


• 
Singlr chip system controller 
and data bus driver for 


Am9p80/8080A 
systems 


• 
Am8¥38-4 
high speed version available for use with 


1Mseqinstruction 
cycle of Am9080A-4 


FUNC~IONAL DESCRIPTION 


The AmS22S 
and AmS23S 
are single chip System 
Controller 


Data 
Bus drivers 
for the 
Am90S0A 
Microcomputer 
System. 


They benerate 
all control 
signals required 
to directly 
interface 
Am90S0A/SOSOA 
compatible 
system 
circuits 
(memory 
and 


1/0) 
0 the 
CPU. 


Bi-directional 
bus drivers with three-state 
outputs 
are provided 


for 
t e system 
data 
bus, facilitating 
CPU independent 
b'us 


opera ,ions such as direct memory 
access. 
Interrupt 
processing 


is accommodated 
by means 
of a single vectored 
interrupt 
or 


by mans 
of the standard 
SOSOA multiple byte interrupt 
vector 


opera 
ion. 


DO 
0, 


O2 


D;;~ °3 


BUS 
04 
050, 
0, 


Package 


Type 


Mol'ded DIP 
Herfetic 
DIP 
Hermetic 
DIP 


Dice 


Herrretic DIP 
Molded DIP 


Am8228 
Order 
Number 


Am8238 
Order 
Number 
Temperature 
Range 


O°C to +70°C 
O°C to +70°C 


_55°C to +125°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


AM8228PC 
D8228 
AM8228DM 
AM8228XC 


AM8238PC 
D8238 
AM8238DM 
AM8238XC 
AM8238ADC· 
AM8238APC· 


*F9r 
use with 
Am9080A-4 
with 
minimum 


clqck period of 250n5. 


• 
Bi-directional 
three-state bus driver for CPU indep,en- 
dent operation 
• 
Advanced low-power Schottky 
processing 


• 
100% reliability 
assurance testing in compliance with 
MIL-STD-883 
• 
Available 
in 
military 
and 
commercial 
temperature 


range 
• 
Am8238 has extended IOW/MEMW pulse width 


CONNECTION DIAGRAM 
Top View 


STSTB 
28 
Vcc 


HlDA 
27 
I/OW 


ViR 
28 
MEMW 


DBIN 
,S 
I/OR 


08. 
2' 
MEMA 


D. 
23 
INTA 


08, 
22 
BUSEN 
Am8228 


0, 
Am8238 
21 
08 


083 
20 
08, 


03 
10 


" 


Os 


08, 
11 
'8 
D8s 


0, 
12 
17 
0, 


080 
13 
18 
08, 


GND 
" 
15 
DO 


MAXIMUMI RATINGS 
(Above 
which 
the 
useful 
life 
may 
be impaired) 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Volat 
e to 
Ground 
Potential 
(Pin 
28 to 
Pin 
14) 
Continuous 


DC Voltage 
pplied 
to 
Outputs 
for 
HIGH 
Output 
State 


DC 
Input 
Voltage 


DC Output 
Current, 
Into 
Outputs 


DC 
Input 
Current 


-65°C 
to 
+150°C 


-55°C 
to 
+125°C 


-O.5Vto+7.0V 


-O.5V 
to 
+VCC 
max. 


-1.5V 
to 
+7.0V 


50mA 


-30mA 
to +5.0mA 


ELECTRICtL 
CHARACTERISTICS 
The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Noted: 


Am8228XM, 
Arn8238XM 
TA = _55°C to +125° C 
VccM IN. = 4.5QV 
VccMAX. 
= 5.50V 


Am8228XC. 
A1n8238XC. 
Am8238-4XC 
TA = OOCto +70oC 
VCCMIN. 
= 4.75V 
VCCMAX. 
= 5.25V 


Typ. 


Min. 
(Note 1) 
Max. 
Units 


I MIL 
3.35 
3.8 


VOH 
Output 
HIGH 
Voltage 
VCC = MIN. 


IOH = -lO).LA 
DO-D] 
I COM'L 
3.6 
3.8 
Volts 


'OH = -1.0mA 
All other 
outputs 
2.4 


IOL = 2.0mA 
DO-D] 
0.45 
VOL 
Output 
Low 
VOltage 
VCC = MIN. 
Volts 


IOL = 10mA 
All other outputs 
0.45 


Vc 
Input 
Clamp Voltage 
(All 
Inputs) 
VCC = MIN., 
IC = -5.0mA 
-0.]5 
-1.0 
Volts 


VTH 
Input 
Threshold 
Voltage 
(All 
Inputs) 
VCC = 5.0V 
0.8 
2.0 
Volts 


Input 
Load Current 


STSTB 
-500 


IF 
VCC = MAX .• VF = 0.45V 
D2 and D6 
-]50 
).LA 


All· other 
inputs 
-250 


input 
Leakage Current 


DBO-DB] 
20 
IR 
VCC = MAX., 
VR = 5.25V 


All other inputs 
100 
).LA 


liNT 
INTA 
Current 
See INTA 
test circuit 
5.0 
mA 


pllstate 
Output 
Current 
(All 
Control 
Outputs) 


VCC = MAX., 
Vo 
= 5.25V 
100 
IOIOFFI 
Vo 
- 0.45V 
-100 
).LA 


IOS 
Short Circuit 
Current 
(All 
Outputs) 
VCC = 5.0V 
-15 
-90 
mA 


ICC 
Power Supply 
Current 
VCC - MAX. 
140 
190 
mA 


AC CHARACTER ISTICS 
OVER OPErATING 
TEMPERATURE 
RANGE 


Test 


Parameters 
Description 
Conditions 


Am8228XM/ 
Am8238XM 
Typ. 


Min. 
(Note 
1) 
Max. 


Am8228XC/ 
Am8238XC 
Typ. 


Min. 
(Note 
1) 
Max. 


Am82384XC 
Typ. 


Min. 
(Note 
1) 
Max. 


tpw 
Width 
of Status Strobe 
22 
22 
22 
ns 


tss 
Set-up 
Time, 
Status 
Inputs 
00-07 
12 
8.0 
8.0 
ns 


tSH 
H<j>ldTime, Status Inputs DO-D] 
5.0 
5.0 
5.0 
ns 


D~lay from 
STSTB to fiiiEi'iifii 
20 
30 
60 
20 
30 
60 
20 
30 
40 


Delay from 
STSTB to INTA, 
lOR 
20 
30 
60 
20 
30 
60 
20 
30 
45 
tDC 
CL=100pF 
ns 
D91ay from 
STSTB to all other 


Cqntrol 
Signals 
20 
30 
60 
20 
30 
60 
20 
30 
60 


tRR 
D~lay from 
DBIN to Control 
Outputs 
15 
35 
15 
30 
15 
30 
ns 


Delay from 
DBIN to 
I 
Enable 
25 
45 
25 
45 
12 
20 
tRE 
8080A 
Bus 
I 
ns 


Disable 
CL = 25pF 
25 
45 
25 
45 
25 
35 


Djiay 
from 
System Bus to 8080A 
tRD 
B 
s During 
Read 
15 
30 
15 
30 
15 
20 
ns 


tWR 
Delay from 
WR to Control 
Outputs 
5.0 
20 
45 
5.0 
20 
45 
5.0 
20 
45 
ns 


tWE 


Delay to Enable System Bus DBO·DB] 


25 
36 
25 
30 
25 
30 
ns 
After 
STSTB 


tWD 


Delay from 
8080A 
Bus DO·D] to 
CL=100pF 
5.0 
20 
40 
5.0 
20 
40 
5.0 
20 
40 
ns 
System Bus D80-DB] 
During Write 


tE 
Delay 
from 
System 
Bus Enable 


25 
35 
25 
30 
20 
30 
ns 
to System Bus DBO·DB] 


tHD 
H LDA to Read Status Outputs 
15 
28 
15 
25 
t5 
25 
ns 


tDS 
Se~.up Time, System Bus Inputs to H LDA 
10 
10 
10 
ns 


tDH 
Hold Time, System Bus Inputs to H LOA 
20 
20 
20 
ns 


rt 


tpw 
STATUSSTROBE----U-------~V 


IAmBOBo--l]1 
I 
~~_._------- 


r":.:: 
~4r,·=ff~-~\ 


1\1 
I 
if-' 


RR 


-- 
I 
~'DC 
I 
f~-i------ 


__ 
I 
I 
I 
=1 C_'HD 
--- 


INT;ujR 
~GMHELMD= 
I \~ 
__ 
~ If I 
I 
I- 
'os ---l- 'DH---j 
D<~~~~~:~~------I- 
--r-r 
I-r--------- 


------I----~·RD:j 
f--~--------- 


Du~t~~B~:~~ 
-- -- - -- -- -- -- -- -- - - -O~~~~~~~~~=}_ 
------------------ 


I 
'RE~ 


I 
WR 
I 
J-'DC* 
~--f 
--j 
I I 
'WR:::::.:=:l 
----t t::: 'WR 
i-+ 
\~~f 
-- 


DU~ 
N~~R~~~ ======= 
I ~~~ ~~~~~~~~~~=*~-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ 


'WE ---t------i 
j.:::: 'WD :::j 


DU~ ~~E~R~~~ - 
-- 
-- 
-- 
- 
- 
- 
- ~~---------*~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~= 
t-.E--i-~L,E 


SYS~c~P~~~ 
- 
- 
-- 
-- 
- 
-- 
---- 
- 
- 
-- 
-- -1:~~~~~~~~~~~=}_ 
- - -------------- 


Note 
For DO-D7: 
R1 = 4.0kn, 
R2 = oon, 
CL = 25pF. 
For all other 
outputs: 
.'31 = 500n, 
R2 = 1.0kf2, 
CL = 100pF. 


vcc 


~ 


'4k 


S, 


OUTPUTPIN~ 
UNDER 
TEST 


2SpfI 
S2 


-=- 
lR2 
4k 


Bi-Directi~nal 
Bus 
Driver: 
An 
eight-bit, 
bi-directlonal 
bus 


driver 
is provided 
to 
buffer 
the Am9080A/8080A 
data bus 


from 
Me ,ory 
and I/O devices. The Am9080A 
data bus has 


an input 
equirement 
of *3.0 volts 
(min) 
and can drive (sink) 


a current 
ff 
at least 3.2mA. 
The Am8228 
• Am8238 
data bus 


driver matches these input 
requirements 
and provides enhanced 


noise im 
unity. 
The output 
drive is set for 
10mA 
typical 
for 


Memory a d I/O devices. 


The Bi-Di ectional 
Bus Drive is controlled 
by signals from the 
Gating 
Arrray for 
proper 
bus flow 
and the 
outputs 
can be 
forced to 
igh impedance state (three-state) for DMAactivities. 


Status La ch: The Am8228 
• 
AmB238 
stores the status infor- 


mation 
i~ 
the 
Status 
Latch 
when 
the 
STSTB 
input 
goes 
"LOW". 
The output 
of the Status 
Latch is connected 
to the 


Gating 
A/ray 
and 
is part 
of 
the 
Control 
Signal generation. 


Gating 
Array: 
The 
Gating 
Array 
generates 
control 
signals 


(MEM 
R, 
MEM 
W, I/O 
R, I/O Wand 
INTA) 
by gating the 


outputs 
0 
the Status Latch Am9080A 
signals; i.e., DB IN, WE, 


and HLD 
. 


·The 
SOS0r- 
has an 
input 
requirement 
of 3.3V 
and 
Clan dnve 
a maxi~ 
m.m""l,''''mA. 


AM8228 


AM.23. k]) 


23 


INTA 


tRE 


Enable 8080 bus, H IGH-Z to logic "0" 


Enable 8080 bus, HIGH-Z 
to logic "1" 


Disable 8080 bus, logic "O"to 
HIGH-Z 


Disable 8080 bus, logic "1" to HIGH-Z 


Closed 
Open 


Closed 
Open 


Open 


Closed 


Open 


Closed 


The 
"read" 
control 
signals (MEM 
R, I/O 
Rand 
INTA) 
are 


derived by combinational 
logiC from 
Status Bit and the DBIN 


input. 


The 
"write" 
control 
signals (I\ilEM W, 
I/O 
W) are similarly 


derived from the Status Bits and the WR input. 


All 
Control 
Signals are "active 
LOW" 
and directly 
interface 


RAM, ROM and I/O components. 


The 
INTA 
control 
signal is normally 
used to gate the "inter- 


rupt 
instruction 
port" 
onto the bus. It also provides a special 


feature 
in the Am8228 
• 
Am8238. 
If only 
one basic vector is 


needed in the interrupt 
structure, 
the Am8228. 
Am8238 
can 


automatically 
insert a RST 7 instruction 
onto 
the bus. To use 


this 
option, 
connect 
the 
INTA 
output 
of 
the 
Am8228 
• 


Am8238 
(pin 
23) 
to 
the 
+12 
volt 
supply 
through 
a series 


resistor 
(1k ohms). 
The 
voltage 
is sensed internally 
by the 


Am8228 
• 
Am8238 
and logic is "set-up" 
so that 
when 
the 


DBIN 
input 
is active, 
a RST 7 instruction 
is gated on to the 


bus when an interrupt 
is acknowledged. 
. 


When using a multiple 
byte instruction 
as an Interrupt 
Instruc- 


tion, 
the Am8228. 
Am8238 
will 
generate an INTA 
pulse for 


each of the instruction 
bytes. 


The 
BUSEN 
(Bus Enable) 
input 
of 
the 
Gating 
Array 
is an 


asynchronous 
input 
that 
forces 
the data bus output 
buffers 


and 
control 
signal buffers 
into 
their 
high-imped~nce 
state if 


it is a "HIGH". 
If BUSEN is a "LOW", 
normal 
operation 
of 


the data buffer 
and control 
signals take place. This facilitates 


CPU independent 
bus operations 
such as direct memory 
access. 


I 


Am8228 • Am8238 


I 


DEF INITION OF FUNCTIONAL 
TERMS 


07-00 


OB7-0BO 
I/OR 


I/OW 
MEM R 


MEM1W 
OBIN 
INTA 


Data bus to-from 
Am90S0A/SOSOA 
Data bus to-from 
user system 


Input/output 
read strobe 
output 
active 
LOW 
Input/output 
write strobe 
output 
active LOW 


Memory read strobe, output, 
active LOW 


Memory write strobe, 
output, 
active LOW 


Data bus input strobe, 
input active HIGH 


Interrupt 
acknowledge 
strobe, 
input, 
active 
LOW 
Hold 
input 
from 
Am90S0A/SOSOA 
active 
HIGH 
Write input strobe, active HIGH 


BUS ENABLE 
INPUT, input, 3-state output 
control, 
active LOW for 3-state out 


Status 
Strobe, 
input, 
strobes 
status 
on data 
bus into status latch, active LOW 


28 
Vcc 


27 
IIOW 


26 
MEMW 


25 
IIOR 


24 
MEMR 


23 
INTA 


22 
BUS 
EN 


21 
D6 


2D 
D86 
,. 
D5 


'8 
D85 


17 
D, 


16 
DB, 


15 
DO 


14 
GND 


5T5T8 


HLDA 
WR 


DBIN 


DB, 
D, 


DB, 


D, 


DB3 


D3 
10 


DB2 
11 


LOADING RULES 


Output 
Signal 
Pin No. 
,,,put 
Load 
Sink 


DO 
15 
250f-/A 
2mA 


0, 
17 
250f-/A 
2mA 


02 
12 
750f-/A 
2mA 


03 
10 
250f-/A 
2mA 


04 
6 
250f-/A 
2mA 


05 
19 
250f-/A 
2mA 


06 
21 
750f-/A 
2mA 


07 
8 
250f-/A 
2mA 


OBO 
13 
250f-/A 
10mA 


DB, 
16 
250f-/A 
10mA 


OB2 
11 
250f-/A 
10mA 


OB3 
9 
250f-/A 
10mA 


OB4 
5 
250f-/A 
10mA 


OB5 
18 
250f-/A 
10mA 


OB6 
20 
250f-/A 
10mA 


OB7 
7 
250f-/A 
10mA 


STSTB 
1 
500f-/A 


OBIN 
4 
250f-/A 


WR 
3 
250f-/A 


HLOA 
2 
250f-/A 


MEM 
R 
24 
10mA 


MEMW 
26 
10mA 


IIOR 
25 
10mA 


lOW 
27 
10mA 


BUSEN 
22 
250f-/A 


INTA 
23 
10mA 


GNO 
14 


VCC 
28 


Output 
Source 


-lOf-/A 


-10f-/A 


-lOf-/A 


-lOf-/A 


-lOf-/A 


-lOf-/A 
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Am101/201/301 


De •• "p"J The Am 101/201/30 
1 mooolithio 0'"'''0''' 


amplifiers 
are functionally, 
electrically 
and pin-for-pin 


equivalent 
to the National 
LM101, and LM201. They are 


available 
in the 
hermetic 
TO-99 
metal can, 
dual-in- 


line packages, 
and flat packages. 


FUNCTIONAL 
DESCRIPTION 


The Am1 11/201/301 are differential 
input, class AS output op- 


erational 
amplifiers. 
The 
inputs 
and 
outputs 
are 
protected 


against 
0 erload 
and the amplifiers 
may be frequency 
com- 
pensated with an external 30pF capacitor. 


Distinctive 
Characteristics: 
100% 
reliability 
assurance 


testing 
including 
high-temperature 
bake. temperature 
cyc,ling, centrifuge 
and fine leak hermeticity 
testing 
in 


compliance 
with MIL STD 883 Class B. 


Electrically 
tested 
and optically 
inspected 
dice for the 


assemblers 
of hybrid products. 


If an input is driven from a low-impedance 
source. a series resistor, 
A 
should be used 10 limit the peak instantaneous 
output 


current 
of the source 
10 less than 100 mA. A large capacitor 
(>O.lllF) 
is equivalent 
to a low source 
impedance 
and should 


be protected against by an isolation 
resistor. 


The amplifier 
output 
is protected 
against damage from shorts to ground or 10 the power supplies 
by device design. Pro- 


tection of the output from voltages exceeding 
the specilied 
operating 
power supplies can be obtained by isolating the output 


via limiting resistors R. or Rs. 


The power supplies must never become reversed, even under transient 
conditions. 
Reverse voltages as low as 1 volt can 


cause damage through 
excessive current. 
This hazard can be reduced by using clamp diodes of high peak current 
rating 
connected to the device supply lines. 
c, 


LlC-636 


ORDERING INFORMATION 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


DIP 
oOc to +70°C 
LM301 D 


Am301 
Metal Can 
O°C to +70oc 
LM301 H 


Dice 
oOc 
to +70oc 
LD301 


Am201 
DIP 
-2Soc 
to +80oc 
LM201 D 


Metal Can 
-2Soc 
to +80oc 
LM201 H 


DIP 
-SSoC 
to +12SoC 
LM101D 


Am101 
Metal Can 
-SSoC 
to +12Soc 
LM101H 


Dice 
-SSoC 
to +12SoC 
LD101 


CONNECTION 
DIAGRAMS 


Top Views 


Metal Can 


FREO 
COMP. 


COMP A/BAl..••.NCE 


INVERTING 
INPUT 


NON INVERTING 
S 


INPUT 


"'"' 
COMP 8 


NOTES: 


(1) On Metal Cen, 


pin 4 is connected to case. 


(2) On DIP, pin 6 Is connected 
to bottom of package. 


(3) On Flat Package, pin 5 is 


connected to bottom of package. 
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Am 101/~01 /301 


MAXIMU/VI RATINGS 


Supply Voltage 


Internal 
Power Dissipation 
(Nole 
1) 


Differential 
Input Voltage 


Input Voltage 
(Note 
2) 


Output 
Shqrt-Circuit 
Duration 


Operating 
Temperature 
Range 


Am101 
Am201 
Am301 


Storage Temperature 
Range 


Lead Tem~erature 
(Soldering, 
60 sec.) 


±22V 


500 mW 


±30V 


±15V 


Indefinite 


-55'C 
to +125'C 


-25'C 
to +85°C 
O°C to +70°C 


-65'C 
to +150'C 


300'C 


ELECTR(CAL CHARACTERISTICS 


I 
Parameter 
(see definitions) 
Am301 
Min 
Typ 


Am101 
Am201 
Min 
Typ 


Input Oflset Voltage 
Rs ~ 10 kl1 
2.0 
7.5 
1.0 
5.0 
mV 


Input OUset Current 
100 
500 
40 
200 
nA 


Input Bias Current 
250 
1500 
120 
500 
nA 


Input Resistance 
0.1 
0.4 
0.3 
0.8 
MI1 


Supply Current 
Vs = ±20V 
1.8 
3.0 
1.8 
3.0 
mA 


Large Sirnal 
Voltage Gain 
Vs = ±15V,Vour 
= ±10V, 
20 
150 
50 
160 
V/mV 
R, > 2 kl1 


The FOllpWing Specifications 
Apply Over The Operating 
Temperature 
Ranges 


Input Offset Voltage 
Rs ~ 10kl1 
10 
6.0 
mV 


Input Offset Current 
TA- 
TAlminl 
150 
750 
100 
500 
nA 


TA= 
TA 
fmaxl 
50 
400 
10 
200 
nA 


Input Bias Current 
TA = TA (minI 
0.32 
2 
0.28 
1.5 
~A 


Large Si;gnal Voltage Gain 
Vs = ±15 V, Your = ±10 V, 
15 
25 
V/mV 
R, > 2 kl1 


Input Voltage 
Range 
Vs=±15V 
±12 
±12 
V 


Common Mode Rejection 
Ratio 
Rs < 10 kl1 
65 
90 
70 
90 
dB 


Supply Voltage Rejection 
Ratio 
Rs < 10 kl1 
70 
90 
70 
90 
dB 


Output YOltage Swing 
Vs = ±15 V, R, = 10 kl1, 
±12 
±14 
±12 
±14 
V 


R, = 2 kl1 
±10 
±13 
±10 
±13 
V 


Supply Current 
T" = +125'C 
Vs = ±20 V 
1.2 
2.5 
mA 


Notes: 
1. 
~erate 
Met~1 Can package 
at 6.8 
mw~C 
for 
operation 
at ambient 
temperatures 
above 
75°C and the 
Dual-In-Une 
package 
at 9 mWfSC for opera- 
tion at ambient 
temperatures 
above 
95 
C. 
2. 
For supply 
voltages 
less than 
±15 V, the maximum 
input 
voltage 
is equal to the supply 
voltage. 
3. 
Unless otherwise 
specified, 
these 
specifications 
apply 
for supply 
voltages 
from 
±5 V to ±20 V and CI = 30 pF. 


GUARANTEED 
PERFORMANCE 
CURVES 
(Curves apply over the Operating Temperature 
Ranges) 


Input Voltage 
Range 
Output 
Swing 
Voltage 
Gain 
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SUPPLY 
VOLTAGE-tV 
SUPPLY VOLTAGE-tV 
SUPPl 
Y VOL TAGE-±V 
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PERFORMANCE 
CURVES 


2J 


Supply 
Current 
Voltage 
Gain 
Maximum 
Power Dissipation 
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Cl? R~'5ri2 
C1F~ 
C$"'30pF 
C2"2 
•.f:R2 


c$('JOnf 
C2"lOC, 
fo"3MHI 


Power supplies should be bypassed to ground at one point, minimum, on each card. More bypass points should be considered 
fol five or more amplifiers on a single card. For applications using 
feed-forward 
compensation, 
the power supply 
leads of 
e ch amplifier should be bypassed with low inductance capacitors. 


Compensating for Stray Input 


Capacitance/Large 
Feedback Resistance 


C, 


T1e values given for the frequency compensation capacitor guarantee stability only for source resistances less than 10kU, 
stray capacitances on the summing junction 
less than 5pF and capacitive 
loads smaller than 100pF. If any of these condi- 
tions is not met, 
it is necessary to use a larger compensation capacitor. 
Alternately, 
lead capacitors 
can be used in the 
feedback network to negate the effect of stray capacitance and large feedback resistors, or an RC network can be added to 
isolate capacitive loads. 


INPU'FH_k;l'. 
COMP 
A !NULl 


INPUT 
(+).---- 


C in, 
I 
:~. 


NULL-+4~~ 
.111 


Am101A/201A/301A 


Description,: 
The Am101A, Am201A and Am301A mono- 
lithic 
oper I tional 
amplifiers 
are 
functionally, 
electr- 


ically and pin-for-pin 
equivalent 
to the National 
LM101 A, 


LM201A, and LM301A. They are available 
in the hermetic 
TO-99 metal can, dual-in-line, 
and flat packages. 


Distinctive 
Characteristics: 
100% 
reliability 
ssurance 


testing 
including 
high-temperature 
bake, temperature 


cycling, 
centrifuge 
and fine 
leak hermeticity 
testing 
in 


compliance 
with MIL-STD-883. 


Electrically 
tested 
and optically 
inspected 
dice tor the 


assemblers 
of hybrid 
products. 


The Aml01A/Am201A1Am301A 
are differential 
input,classAB 


output oPlerational amplifiers. 
The inputs and outputs 
are pro- 


tected 
against 
overload 
and the amplifiers 
may be frequency 


compensated 
with an external 
30pF capacitor. 
The combina- 


tion 
of lo(,.,-input currents, 
iow-offset 
voltage, 
low noise, and 


versatility\ 
of 
compensation 
classify 
the 
Aml01A/Am201A/ 


Am301A 
mplifiers 
for 
low level and general 
purpose 
appli- 


cations. 


c, 
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APPLICATIONS 
INPUT/OUTPUT 
OVERLOAD PROTECTION 


If an input is driven 
from 
a low-impedance 
source, 
a series 
resistor, 
R1 should 
be used to 


limit 
the peak 
instantaneous 
output 
current 
of the source 
to less than 
100 mA. A large 


capacitor 
(>0.1 pF) 
is equivalent 
to 
a low-source 
impedance 
and should 
be protected 


against 
by an isolation 
resistor. 


The amplifier 
output 
is protected 
against damage from shorts to ground 
or to the power 


supplies 
by device 
design. 
Protection 
of the output 
from voltages 
exceeding 
the specified 


operating 
power 
supplies 
can 
be obtained 
by 
isolating 
the 
output 
via 
limiting 
resistors 


R-4 or 
Rs' 
The power 
supplies 
must never become 
reversed, 
even under transient 
conditions. 
Reverse 


voltages 
as low as 1 volt can cause damage through 
excessive 
current. 
This hazard can be 


reduced 
by using clamp 
diodes 
of high peak current 
rating 
connected 
to the device 
supply 


lines. 
c, 


ORDERING 
INFORMATION 


Package 
Temperature 
Order 


Type 
Range 
Number 


DIP 
O°Cto +70°C 
LM301AD 


Metal Can 
O°Cto +700C 
LM301AH 


Molded DIP 
O°Cto +70°C 
LM301AN 


Dice 
O°Cto +70°C 
LD301A 


DIP 
_25°C to +85°C 
LM201AD 


Metal Can 
-2SoC to +85°C 
LM201AH 


Flat Pak 
_25°C to +8SoC 
Lm201AF 


DIP 
_55°C to +125°C 
LM101AD 


'}'1Fel:at 


l;:t 


_55°C to +125°(; 
LM101AH 


_55°C to +125°C 
LM101AF 


Dice 
_55°C to +125°C 
LD101A 


CONNECTION 
DIAGRAM 
Top Views 


Dual-I n-Line 


i2~N~EB8 
COMP B 
'NY~~J~NG'2 
1 
v· 


NOflllNVERTING 
3. 
6 
OUTPUT 


INPUT 


v 
4 
5 
BALANCE 


"" 
CO,,"P 
B 
" 
NC 


COMP A/BALANCE 


'NVERTING INPUT 
NON INVERTING 
S 
INPUT 


NOTES: 


(1) 
On Metal 
Can, 


pin 4 is connected 
to case. 


(2) 
On 
DIP, 
pin 
6 is connected 
to bottom 
of package. 


(3) 
On. Flat 
Package, 
pin 
5 is 


connected 
to bottom 
of package. 


COMPA,/BA,LA,NCe 


INVERTING INPUT 


NON INVERTING 
INPUT 


Am10 
A/201A/301A 


MAXINIUM 
RATI"NGS 


~oltage 
Am 101A, 201A 
±22V 
Am301~ 
------ 
±18V 
Internal Power Dissipation 
(Note 
1) 
500 mW 


Differenlial 
Input Voltage 
±30V 


Input Vdltage (Note 
2) 
±15V 


Output 
hort-Circuit 
Durat..i.o"n. 
I_n_d_e_fi_n_ite_ 


I 
Operating 
Temperature 
Range 
Am101A 
Am201A 
Am301A 
Storagel Temperature 
Range 
Lead Temperature (Soldering, 60 sec.) 


I 


-55°C 
to +125°C 
-25°C 
to +85°C 
O°C to +70°C 


-65°C 
to +150°C 


300°C 


Am301A 
Min 
. Typ 
Max 


Am101A 
Am201A 


Min 
Typ 
Max 
--,--- 


Rs:O;50 kll 
2.0 
7.5 
0.7 
2.0 
mV 
Input 
ffset Voltage 


Input 0ffset Current 
3 
50 
1.5 
10 
nA 


Input Bias Current 
70 
250 
30 
75 
nA 


InputlResistance 
0.5 
2 
1.5 
4 
Mn 


supp'! Current 
Vs = ±20V 
1.8 
3.0 
mA 


Vs = ±15V 
1.8 
3.0 
mA 


Large ,Signal Voltage Gain 
Vs = ±15V, 
Vour=±10V, 
25 
160 
50 
160 
V/mV 
RL> 2 kll 


Slew Rate 
Vs = ±20V, Av = +1 
0.5 
0.5 
VII's 


The Following Specifications 
Apply Over The Operating Temperature Ranges 
_I 
- 


Input !pffset Voltage 
Rs :0;50 kf! 
10 
3.0 
mV 


Input Offset Current 
70 
20 
nA 
- 
-_. 


Average Temperature 
TA(min) 
~ 
T A 
~ 
T Alma.) 
6.0 
30 
3.0 
15 
"V/oC 
Coefficient 
of Input Offset Voltage 


Average Temperature 
25°C S; TA ::; TA 
Imaxl 
0.01 
0.3 
0.01 
0.1 
nA/oC 
Coefficient of Input Offset Current 
TA 'mini < TA < 25°C 
0.02 
0.6 
0.02 
0.2 
nA/oC 


Input Bias Current 
300 
100 
nA 
- 
--- 


Large Signal Voltage Gain 
Vs=±15V, 
Vour=±10V, 
25 
25 
V/mV 
RL> 2 kll 


Input yoltage Range 
Vs=±20V 
±15 
V 
Vs=±15V 
+15, -12 
V 
- 


Comm,on Mode Rejection Ratio 
Rs < 50 kll 
70 
90 
80 
96 
dB 


Supply Voltage Rejection Ratio 
--- - 
Rs<50kll 
70 
96 
80 
96 
dB 


outpu:t Voltage Swing 
Vs = ±15V, RL = 10 kll, 
±12 
±14 
±12 
±14 
V 


RL= 
2 kll, 
±10 
±13 
±10 
±13 
V 


Supply Current 
TA=+125°C 
Vs=±20V 
1.2 
2.5 
mA 


1 
Derate 
Metal 
Can 
package 
at 
6.8 mwtC 
for 
operation 
at 
ambient 
temperatures 
above 
75°C 
and 
the 
Dual 
In-Line 
package 
at 9 mwtc 
for opera~ 
r 
tion 
at ambient 
temperatures 
above 
95°C. 
and 
the 
Flat 
Package 
at 
5.4 mwtC 
for 
operation 
at ambient 
temperatures 
above 
57°e. 


~. 
For 
supply 
voltages 
less than 
±15 
V, 
the 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 
l 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 
supply 
vOltages 
from 
±5 
V 
to 
120 
V 
for 
the 
101A 
and 
201A, 
and 
from 
±5 
V to 
±15 
V 


for 
the 
301 A. 


Single 
Pole Compensation 
Two Pole Compensation 
Feedforward 
Compensation 


C2 


R2 
R2 


R, 
R, 


~VIN 
-V1N 
-VIN 


VOUT 
VOUT 
R3 


+V1N 
+V1N 


R3 
C, 


C2- 
2•.':A2 


C1>~ 


C1 ~ R~1+C~2 


-, 
2 
Cs• 
JOpF 


fo - 3 MHz 


Cs• 
JOp 
C2- 10 C, 


L1C-648 
L1C-649 
L1C-650 


Figure 1 
Figure 2 
Figure 3 


Power supplies should be bypassed to ground at one point, minimum, on each card_ More 
bypass points should be considered 
for five or more amplifiers on a single card. For appli- 


cations 
using feed-forward 
compensation, 
the power supply leads of each amplifier 
should 
be bypassed with low inductance capacitors. 


Compensating 
tor 
Stray 
Input Capacitance/Large 
Feedback 
Resistance 


ICsTRAY 


"=' 
Rl 


INPUT 
r 


The values 
given 
for 
the frequency 
compensation 
capacitor 
guarantee 
stability 
only for 


source 
resistances 
less than 10kfl, stray capacitances 
on the summing junction 
less than 
5pF and capacitive 
ioads smaller than 100pF_ If any of 
these conditions 
is not met, it is 


necessary to use a larger compensation capacitor. Alternately, 
lead capacitors 
can be used 
in the feedback 
network 
to negate the effect 
of stray capacitance 
and 
large feedback 


resistors, or an RC network can be added to isolate capacitive loads. 


PERFORMANCE 
CURVES 
(Note 
3) 


Open 
Loop 
Open Loop 
Open Loop 


Frequency 
Response 
Frequency 
Response 
Frequency 
Response 


120 


T 
• 2~oC 
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120 


r0-t-- 


TWO POLE 
f- 
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GUARANTEED 
PERFORMANCE 
CURVES 
'Note 3) 


(Curves apply over the Operating Temperature 
Ranges) 


Input Voltage Range 
Output Swing 
Voltage Gain 
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PERFORMANCE 
CURVES 
(Note 3) 
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Am102/202/302 


• 
The 
Am102/202/302 
are 
functionally, 
electrically, 
and 
pin-for-pin 
equivalent 
to 
the 
National 
LM 102/ 
202/302 


• 
Slevy rate: 20V//ls 


• 
Small signal bandwidth: 
20MHz 


• 
Input 
current: 
100nA 
max. over temperature 


The 
Am102/202/302 
is a monolithic 
Operational 
Amplifier 


interpally 
connected 
as a unity 
gain non-inverting 
amplifier. 


This ICircuit 
is ideal 
for 
such applications 
as fast 
sample and 


hold 
circuits, 
active 
filters, 
or 
as a general 
purpose 
buffer. 


Super-beta 
transistors 
are used allowing 
the devices to operate 
at very 
low 
input 
currents 
without 
sacrificing 
speed. 
It may 
be used to replace conventional 
op amps such as 101 and the 
741 
in 
voltage 
follower 
applications', 
where 
lower 
offset 
voltage, 
drift, 
bias current, 
noise, 
plus 
higher 
speed and 
a 


wider operating 
voltage range is desirable. 


• 
Supply 
voltage range: ±5.0V 
to ± 18V 


• 
100% reliability 
assurance testing 
in compliance 
with 


M I L-STD-883 
• 
Electrically 
tested 
and 
optically 
inspected 
dice 
for 


hybrid 
manufacturers 


• 
Available 
in metal 
can, hermetic 
dual-in-line 
or her- 


metic 
flat 
packages 


Part 
Number 


Package 


Type 


TO-99 
Hermetic 
DIP 
Dice 


TO-99 
Hermetic 
DIP 


TO-99 
Hermetic 
DIP 
Flat Pak 


Dice 


Temperature 


Range 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 


_25°C to +85°C 
-25°C 
to +85°C 


_55°C to +125°C 
-55°C 
to +125°C 
_55°C to +125°C 
-55°C 
to +125°C 


Order 
Number 


LM302H 
LM302D 
LD302 


LM202H 
LM202D 


LM102H 
LM102D 
LM102F 
LD102 


CONNECTION 
DIAGRAMS 
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. 


(2) 
On 
DIP, 
pin 6 IS connected 


to bottom 
of 
package. 


(3) 
On 
Flat 
Package, 
pin 
5 is 


connected 
to bottom 
of 
package. 


Su ppl y Vo Itagr 


Internal 
Power 
Dissipation 
(Note 1) 


Input 
Voltage 
(Note 2) 


Output 
Short-Circuit 
Duration 
(Note 3) 


Operating 
Temperature 
Range 
Am102 
Am202 
Am302 


±18V 


500mW 


±15V 


Indefinite 


Storage 
Temperature 
Range 


Lead Temperature 
(soldering, 
60 sec) 


-_55°C 
to +125°C 
-25°C 
to + 85°C 
O°C to + 
70°C 


-65°C 
to +150°C 


300°C 


ELECTRIC1L 
CHARACTERISTICS 
(T A = 25°C 
unless 
otherwise 
specified) 
(Note 4) 


I 
Am302 


Parameter 
(see definitions) 
Conditions 
Min_ 
Typ. 


Am102 
Am202 
Typ_ 
Max. 


Input Offset Vpltage 
2.5 
15 
2.0 
5.0 
mV 


Input 
Bias Cur 
ent 
2.0 
30 
3.0 
10 
nA 


Input 
Resistan, e 
103 
106 
104 
106 
Mn 


Input 
Capacita ree 
1.5 
1.5 
pF 


Large-Signal 
Voltage 
Gain 
RL = 8.0kn, 
VOUT = ±10V, Vs ~ ±15V 
0.9985 
0.9995 
0.999 
0.9996 
V!V 


Output 
Resistance 
0.75 
2.5 
0.8 
2.5 
n 


Supply 
Current 
3.9 
5.5 
3.9 
5.5 
mA 


Slew Rate 
I 
Vs ~ ±15V, VIN ~ ±10V, RL = 10kn 
20 
20 
v/!J.s 


The 
Followil]g 
Specifications 
Apply 
Over The 
Operating 
Temperature 
Range 


Input Offset Vbltage 
10.0 
7.5 
mV 


Input 
Bias Current 
10.0 
30 
100 
nA 


Large-Signal V~ltage Gain 
RL ~ 10kn, 
VOUT = ±10V. Vs ~ ±15V 
0.9985 
0.999 
V!V 


Output 
Voltag~ Swing (Note 5) 
RL = 10kn. 
Vs ~ ±15V 
±10 
±10 
V 


Supply Curren~ 
TA T +125°C 
2.0 
4.0 
mA 


Supply 
Voltag~ 
Rejection 
Ratio 
±5.0V';; 
Vs .;; ±18V 
60 
70 
dB 


O°C.;; TA" 
+70°C 
20 
!J.VrC 
Average 
Temperature 
':55°C';; 
TA •• +85°C 
6.0 
!J.VrC 
Coefficient 
of 'fPut Offset 
Voltage 
+85°C .;;TA •• +125°C 
12 
!J.VrC 


Notes: 
1. Derat~ Metal Can pac~age 6.8mWf 
C for operation 
at ambient temperatures 
above 75° C, the Dual-In-Une 
at ~.Omw/C 
for operation 
at ambient 


temperatures 
above 95 
C, and the Flat Packages 
at 5.4mWtC for operatIon 
at ambient 
temperatures 
above 57 
C. 


2. 
For 
SUPply 
voltages 
less than 
±15V, 
the 
maximum 
input 
VOltage 
is equal 
to 
the 
supply 
voltage. 


3. 
To 
prevent 
damage 
when 
the 
output 
is shorted, 
it is necessary 
to insert 
a resistor 
larger 
than 
2.0kS1. 
in series 
with 
the 
input. 
Continuous 
short 
cir- 


cuit 
is allowed 
for 
case 
temperatures 
to 
+125°C 
and 
ambient 
temperatures 
to 
+70oC 
for 
the 
102/202. 
For 
302, 
the 
corresponding 
temperatures 
are +70oC 
and 
+55°C 
respectively. 


4. 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 
supply 
voltages 
from 
±5.0V 
to 
±18V. 


5. 
Greater 
output 
voltage 
swing 
can 
be obtained 
by 
connecting 
a resistor 
from 
booster 
terminal 
to 
V-. 


TYPICAL 
PERFORMANCE 
CURVES 


Input Current 
Output Noise Voltage 
Large Signal Pulse Response 
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TEMPERATURE-·C 
FREQUENCY-Hz 
TIME-ps 
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C 
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I 


Output Resistance 
Symmetrical 
Output 
Swing 
Positive Output Swing 
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mA 


I 


Large Signal 
Frequency 
Response 
Power Supply Rejection 
Supply Current 
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FREQUENCY 
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FREQUENCY-Hz. 
TEMPERATURE-oC 
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Increasing 
Negative 
Swing Under Load 


Fast Inverting 
Amplifier 
With High Input Impedance 


Am 107/207/307 


Description: 
The Am107 1207 1307 Operational 
Amplifiers 


are functionally, 
electrically, 
and 
pin-for-pin 
equivalent 


to the National 
LM107 /207 /307. 
They are available 
in 


the hermetic 
metal can, flat package, 
and 
dual-in-line 


pac~ages. 


F, NCTIONAL 
DESCRIPTION 
Tre 
Am107/207/307 
monolithic 
operational 
amplifiers 
are 
in1ternally frequency 
compensated 
and input! output overload 
protected. These differential 
input, class AS output amplifiers 
are intended to provide high accuracy and lower noise in high 
impedance 
applications. 
The 
Am107/207/307 
provide 
im- 
p oved electrical 
parameters and are pin-for-pin 
replacements 
for the 709, 101, 101A and 741 in most applications. 


Distinctive 
Characteristics: 
100% 
reliability 
assurance 


testing 
including 
high-temperature 
bake, 
temperature 


cycling, 
centrifuge 
and fine 
leak hermeticity 
testing 
in 


compliance 
with MIL STD 883. 


Electrically 
tested 
and optically 
inspected 
dice for the 


assemblers 
of hybrid 
products. 


If an input is driven from a low-impedance 
source, a series resistor, R, should 
be used to 


limit 
the 
peak 
instantaneous 
output 
current 
of 
tbe 
source 
to 
less than 
100 mA. A large 


capacitor 
(>0.1I'F) 
is 
equivalent 
to 
a 
low 
source 
impedance 
and 
should 
be 
protected 


against by an isolation 
resistor. 


The 
amplifier 
output 
is protected 
against 
damage from 
shorts 
to ground 
or to the power 
supplies 
by device 
design. 
Protection 
of the output 
from 
voltages 
exceeding 
the specified 


operating 
power 
supplies 
can 
be 
obtained 
by 
isolating 
the 
output 
via 
limiting 
resistors 


R. or 
Rs. 


The power supplies 
must never become reversed, 
even under transient 
conditions. 
Reverse 
voltages as low as 1 volt can cause damage through 
excessive current. This hazard can be 
reduced by using clamp diodes of high- peak current 
rating connected 
to the device supply 


lines. 
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ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 
Number 
Type 
Range 
Number 


DIP 
aOc to +70°C 
LM307D 


Am307 
Metal 
Can 
aOc to +70°C 
LM307H 


Dice 
aOc to +70°C 
LD307 


DIP 
-2SoC to +8SoC 
LM207D 


Am207 
Metal 
Can 
-2SoC to +8SoC 
LM20lH 


Flat Package 
-2SoC 
to +8SoC 
LM207F 


DIP 
-SSoC to +12SoC 
LM107D 


ml07 
Metal 
Can 
_55°C 
to +12SoC 
LM107H 
Flat Package 
-SSoC to +12SoC 
LM107F 
Dice 
-SSoC 
to +12SoC 
LD107 


CONNECTION 
DIAGRAMS 


Top View 


OUTPUT 


NC 


NC 


NC 


NC 
, 


NC 


INVERTlNG 
INPUT 
NON INVERTING 
5 


INPUT 


NOTES: 


(1) 
On Metal 
Can, 


pin 4 is connected 
to case. 


(2) 
On DIP, 
pin 
6 is connected 


to bottom 
of package. 


(3) 
On 
Flat 
Package, 
pin 
5 is 


connected 
to bottom 
of package. 
N'gO "N' 


NC 
2 
9 
Ne 


INVERTIJltOINPUT 
3 
- 
8 
v· 


NON INVERTING 
~. 
7 
OUTPUT 
INPUT 


y- 
5 
6 
Ne 
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MAXIMUM J ATINGS 


Supply 
Voltag 
I 


Am107,Am 
07, 
±22V 
Am307 
±18V 


Internal 
Power Dissipation 
(Note 1) 
500 mW 


Differential 
Inp 
t Voltage 
±30V 


Input 
Voltage 
( ate 
2) 
±15V 


Output 
Short-C ircuit 
Duration 
Indefinite 


Operating 
Tem 
erature 
Range 
Am107 
-55°C 
to +125°C 
Am207 
-25°C 
to +85°C 
Am307 
O°C to +70°C 


Storage 
Temp 
ratu re Range 
-65°C 
to +150°C 


Lead Temperat 
re (Soldering, 
60 sec.) 
300°C 


ELECTRICA 
CHARACTERISTICS 
(TA = 25°C 
unless 
otherwise 
specified) 
(Nole3) 


Am107 


Parameter 
Am307 
Am207 


(see definitions 
Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Input Offset V Itage 
Rs :s; 50 kQ 
- --'-~~~-2.0- 
7.5 
0.7 
2.0 
mV 
-- 
-- 


Input Offset C rrent 
3 
50 
1.5 
10 
nA 
--- 
- 
- 
- 


Input Bias Cu rent 
70 
250 
30 
75 
nA 
- 
-~-- 
----- 


Input Resista 
ce 
0.5 
2 
1.5 
4 
MQ 
-- 
- 
- 
- - 
- 


Supply Curre 
t 
Vs = 
±20V 
1.8 
3.0 
mA 
Vs = 
±15V 
1.8 
3.0 
mA 
-- 
- 
~ 
- 


Large Signal 
oltage Gain 
Vs= 
±15V, 
VOUT= ±10V, 
25 
160 
50 
160 
V/mV 
Rl> 
2 kQ 
~r-' 
- 


Slew 
Rate 
RL 2: 2 kQ 
I 
02 
0.5 
I 
0.2 
05 
VIps 


~- 


The Followin! 
Specifications 
Apply 
Over The Operating 
Temperature 
Ranges 
~~- 
- 
--- 


Input Offset V ' Itage 
Rs < 50 kQ 
10 
3.0 
mV 
- 
-~~-- 
r- 


Input Offset C rrent 
70 
20 
nA 
._- 


Average 
Tem 
erature 
TA(min) 
:::; TA .::; T A(md~) 
6.0 
30 
3.0 
15 
pV/oC 
Coefficient 
of Input Offset 
Voltage 
-~ 


Average 
Tem 
erature 
25°C'::; 
TA 
.::; T A Imaxl 
0.01 
0.3 
0.01 
01 
nA/oC 
Coefficient 
of 
nput Offset Current 
TA {mini < T A 
.::; 25°C 
0.02 
0.6 
0.02 
0.2 
nA/oC 


Input Bias Cur ent 
300 
100 
nA 
--~- 
- 


Large Signal 
oltage Gain 
Vs= 
±15V, 
VOUT= ±10 V, 
25 
25 
V/mV 


Rl> 
2 kQ 
~-~ 


Vs=±20V 
±15 
V 
Input Voltage 
ange 
Vs=±15V 
+15, 
-12 
V 
Common 
Mod 
Rejection 
Ratio 
Rs :s; 50 kQ 
70 
90 
80 
96 
dB 
Supply Voltag 
Rejection 
Ratio 
Rs < 50 kQ 
70 
96 
80 
96 
dB 


Output Voltag 
Swing 
Vs = ±15V, 
Rl = 10 kQ, 
±12 
±14 
±1'2 
±14 
V 


Rl = 2 kQ, 
±10 
±13 
±10 
±13 
V 
~-- 


Supply Currenl 
TA = +125°C 
Vs = ±20 V 
1.2 
2.5 
mA 
- 
- 


Notes: 
1. De,.J~Metal 
Can package at 6.a omW/C fa, operation at ambient tei,"pe,atu,es above 75°C,the 
Dual In·Llne package aJ 9 mW/C 
fa, ope'atlon 
at ambient 
temperatures 
above 95 
C, and the Flat Package at 5.4 mW/ C for operation 
at ambient 
temperatures 
above 75 C. 


2. 
For s pply 
voltages 
less than 
±15 
V, the 
maximum 
input 
voltage 
is equal 
to the supply 
voltage. 


3. 
~o~I;~: c:xt~e;;.;~especified, 
these specifications 
apply 
for 
supply 
voltages 
from .i5 V to ±20 
V for the Arn1 07 and Arn207 
and from 
± 5 V to 
± 15 V 


GUARANTEED 
PERFORMANCE 
CURVES 
(Note 3) 


(Curves apply over the Operating 
Temperature 
Ranges) 


Input Voltage Range 
Output Swing 
Voltage Gain 
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PERFORMANCE CURVES 
(Note 3) 


Input Current-Am107, 
Am207 
Input Current-Am307 
Voltage Gain 
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OUTPUT 
CURRENT-±mA 
FREQUENCY-Hz 
FREQUENCY-Hz 


Open Loop 
Large Signal 
Voltage Follower 
Frequency 
Response 
Frequency 
Response 
Pulse Response 
Supply Current 


120 
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T A" 
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-- 
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Stability 
is guaranteed for source resistances less than 10 kn, stray capacitances 
on the 
summing junction 
less than 5 pF, and capacitive loads smaller than 100 pF. If any of these 


conditions 
is not met, lead capacitors 
may be used in the feedback network to negate the 
effect of stray capacitance and large feedback resistors, or an RC network can be added to 
isolate capacitive loads. Power supplies should be bypassed to ground at one point, minimum, 
on each card. More bypass points should be considered for five or more amplifiers 
on a 
single card. 


Metallization 
and Pad Layout 
.~ 


INPUT(-) 


INPUT 
It 1 ~((, 
II.,r 


v· 


OUTPUT 


49 x 56 Mils 
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Am10S/20S/30S·Am10SA/20SA/30SA 


I 
Operational Amplifiers 


Descri 
lion: 
The 
108, 
208, 
308, 
108A, 
208A 
and 
308A 


monoli 
hic 
operational 
amplifiers 
are functionally, 
elec- 
trically 
and 
pin-for-pin 
equivalents 
to 
the 
National 


LM108, 
LM208, 
LM308, 
LM108A, 
LM208A 
and 
LM308A. 
They 
are 
available 
in 
the 
hermetic 
TO-99 
metal 
can, 
dual-in!line, 
and flat packages. 


FUN1CTlONAL DESCRIPTION 


The e differential 
input, precision 
amplifiers 
provide low input 


currrnt 
and offset voltage 
competitive 
with FET and chopper 


stabilized 
amplifiers. 
They 
feature 
low 
power 
consumption 


over a supply voltage 
range of ±2V to ±20V. 
The amplifiers 
may be frequency 
compensated 
with 
a single 
external 
ca- 


paci10r and are pin-for-pin 
interchangeable 
with the 101A/ 


201A1301A. 
The 108A, 208A, and 308A are high performance 


selections 
from the 108/208/308 
amplifier 
family. 


Distinctive 
Characteristics: 
100% 
reliability 
assurance 


testing 
including 
high-temperature 
bake, 
temperature 


cycling, 
centrifuge 
and 
fine 
leak 
hermeticity 
testing 
in 
compliance 
with 
MIL STD 883. 


Electrically 
tested 
and 
optically 
inspected 
dice 
for 
the 


assemblers 
of hybrid 
products. 


FUNCTIONAL 
DIAGRAM 
Frequency Compensation 
Circuits 


A2 
R2 


INVERTING 
INVERTiNG 


INPUT 
R1 
INPUT 
Al 


C,:2: c.( 


APPLICATIONS 
Connection of Input Guards 


Pdrl 
Packayc 
TemperattJre 
Orllel 
Numbc. 
Type 
Range 
Number 
Dual-In-Line 


Hermetic 
DIP 
OCto 
-t70 
C 
lM308D 


Am30B 
TO 99 
OCto~70C 
LM30BH 
Molded DIP 
o etot70 
C 
LM308N 
Ne 


Dice 
o eto+70 
C 
LD30B 
Ne 


Hermetic 
DIP 
OCto 
+70 
C 
lM308AO 


COMP 8 


INVERTING 
INPUT 


AmJ08A 
TO-99 
a Cto+70 
C 
LM308AH 
NON-INVERTING 
, 


Molded DIP 
Delet]QC 
LM30BAN 
INPuT 


GUARD 


DIce 
DC 
10 +70 
C 
LD30BA 
v- 


Am208 
Hermetic 
DIP 
-25~C to +85 C 
LM20BD 
TO 99 
-25 C to t85C 
LM208H 


Am208A 
HermetiC 
DIP 
-25'- C 10 +85 C 
LM208AD 
Flat Package 


TO·99 
-25' 
C to +85' C 
LM208AH 


Hermellc 
DIP 
-55"C 
to q 25 'c 
LM108D 
AmlO8 
TO·99 
_55 


L'C to +125"C 
LM108H 
GUARD 
Dice 
-55"C 
to +125"C 
LD108 
INVERTING 


INPUT 


Hermetic 
DIP 
-55"C 
to +125"C 
LM108AD 
NON 
INVE~~~~~ 
AmlO8A 
TO-99 
-55"C 
to +125"C 
LM108AH 
GUARD 
Dice 
-55C 
to +125 
C 
LD108A 
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CONNECTION 
DIAGRAMS 
Top Views 


Dual-I n- Line 


NOTES: 


(1) 
On Metal 
Can, 


pin 4 is connected 
to case. 


(2) 
On DIP, 
pin 
7 is connected 
to bottom 
of package. 


(3) 
On Flat 
Package, 
pin 
6 is 
connected 
to bottom 
of package. 
UC-674 
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MAXIMUM 
~ATlNGS 


Supply Voltage 
Am108,208, 
08A,20BA, 


Am308,308 


Internal Power Dissipation 
(Note 
1) 


Differential 
Inp t Current 
(Note 
2) 


Input Voltage 
INole 
3) 


Output Short- 
ircuit Duration 


Operating Temperature Range 


±20 V 
±18V 


500 mW 


±10 mA 


±15V 


Indefinite 


Am108, 108 ' 
-55°C 
to +125°C 
Am208,208 
-25°C 
to +85°C 
Am308,308 
OOCto +70°C 


Storage Temp rature Range 
-65°C 
to + 150°C 


Lead Tempera ure (Soldering, 60 sec.) 
3000C 


ELECTRIC", 
L CHARACTERISTICS 
(TA = 25°C unless otherwise specified) 
(Note 
4) 


Am108 
Am108A 
Parameter 
Am308 
Am308A 
Am208 
Am208A 
(see definition 
) 
Conditions 
Min. 
Typ. Max. 
Min. 
Typ. Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 
Input Offset 
oltage 
2.0 
7.5 
0.3 
0.5 
0.7 
2.0 
0.3 
0.5 
mV 
Input Offset 
lurrent 
0.2 
1.0 
0.2 
1.0 
0.05 
0.2 
0.05 
0.2 
nA 


Input Bias Ct rrent 
1.5 
7 
1.5 
7 
0.8 
2.0 
0.8 
2.0 
nA 
Input Resista ce 
10 
40 
10 
40 
30 
70 
30 
70 
Mn 


Supply Curre t 
Vs - 
±20 V 
0.3 
0.6 
0.3 
0.6 
mA 
Vs=±15V 
0.3 
0.8 
0.3 
0.8 


Large Signal Voltage Gain 
Vs = ±15 V, VOUT= ±10 V, 
25 
300 
80 
300 
50 
300 
80 
300 
V/mV 
Rt:2: 10 kn 


The Followin 
Specifications 
Apply Over The Operating Temperature 
Ranges 


Input Offset 
oltage 
10 
0.73 
3.0 
1.0 
mV 
Input Offset 
'urrent 
1.5 
1.5 
0.4 
0.4 
nA 
Average Tern erature 
6.0 
30 
1.0 
5.0 
3.0 
15 
1.0 
5.0 
ttV/oC 
Coefficient 0 Input Offset Voltage 


Average Ternperature 
2 
10 
2.0 
10 
0.5 
2.5 
0.5 
2.5 
pA/oC 
Coefficient 0 Input Offset Current 


Input Bias C rrent 
10 
10 
3.0 
3.0 
nA 


Large Signal Ivoltage Gain 
Vs = ±15 V, VOUT= ±10 V, 
15 
60 
25 
40 
V/mV 
Rt:2: 10 kn 


Input Voltag 
Range 
Vs=±15V 
±13.5 
±13.5 
±13.5 
±13.5 
V 


Common Mo . e Rejection Ratio 
80 
100 
96 
110 
85 
100 
96 
110 
dB 


~_Volta 
' e Rejection Ratio 
80 
96 
96 
110 
80 
96 
96 
110 
dB 


Output Volta ·e Swing 
Vs = ±15 V, Rt = 10 kn, 
±13 
±14 
±13 
±14 
±13 
±14 
±13 
±14 
V 


I Supply Curre t 
Vs=±20V 


0.6 
1.0 
0.6 
0.8 
0.15 
0.4 
0.15 
0.4 
mA 
Vs-±15V 


0 
0 


1. oerfe 
Metal 
Can 
package 
at 
6.8 
mW/o 
C for 
operatlOn 
at 
ambient 
temperatures 
above 
75 
C and 
the 
Dual 
In 
Line 
package 
at 9 mW~C 
for 
opera- 


tion 
t ambient 
temperatures 
above 
95 
C. 
2. 
The 
inputs 
are 
shunted 
with 
back-ta-back 
diodes 
for 
overvoltage 
protection. 
Therefore, 
excessive 
current 
will 
flow 
if a differential 
input 
voltage 


in e 
cess of 
1 
V 
is applied 
between 
the 
inputs 
unless 
some 
limiting 
resistance 
is used. 


3. 
For 
upply 
voltages 
less than 
±15V, 
the 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 


4. 
Unl~s 
otherwise 
specified, 
these 
specifications 
apply 
for 
supply 
voltages 
from 
±5 
V 
to 
±20 
V for 
the 
108,208, 
108A 
and 
208A 
and 
from 
±5 
V 
to i 15 V for 
the 
308 
and 
308A. 


I 


TYPICAL 
PERFORMANCE 
CURVES 


Input Currents 
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GUARDING 


Extra care must be taken in the assembly of printed circuit 
boards to take fUli advantage of the low input 
currents of the 108 amplifier. 
Boards must be thoroughly 
cleaned 
with TCE or alcohol 
and blown dry with 
compressed air. After cleaning, the boards should be coated 
with 
epoxy or silicone 
rubber 
to prevent 
con- 
tamination. 
Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, particularly 
since 
the input 
pins are adjacent 
to pins that are at supply potentials. 
This leakage can be significantly 
reduced 
by using 
guarding 
to 
lower the voltage 
difference 
between 
the 
inputs 
and adjacent 
metal runs. 
Input guarding 
of the 8-lead TO-99 package is accomplished 
by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent 
to the inputs are empty when it is inserted in the board. The 
guard, which 
is a conductive 
ring surrounding 
the inputs, is connected to a low-impedance 
point that is at 


approximately 
the same voltage 
as the inputs. 
Leakage currents from high-voltage 
pins are then absorbed 


by the guard. 
The pin configuration 
of the dual- in-line 
package 
is designed 
to 
facilitate 
guarding, 
since 
the 
pins 


adjacent 
to the inputs are not used (this is different 
from the standard 
741 and 101A pin configuration.) 


Am110/210/310 


0 


0 
° 
I. 
Ch 
" t" 
IstlnC\ive 
aractefls 
ICS 


• 
The .A..m110/210/310 
are functionally, 
electrically, 
and 


pin-f 
r-pin equivalent 
to the National 
LM 110/210/310 


• 
Slew 
rate: 
30V 1P.s 


• 
Small signal 
bandwidth: 
20 MHz 


• 
Input current: 
10 nA max. over temperature 


• 
Supply 
voltage 
range: 
±5V to ±18V 


• 
100% 
reliability 
assurance 
testing 
in compliance 
with 


MIL STO 883. 


• 
Electrically 
tested 
and 
optically 
inspected 
dice 
for 


hybrid 
manufacturers. 


• 
Available 
in metal can, hermetic 
dual-in-line 
or 


hermetic 
flat packages. 


FUNCTIONAL 
DESCRIPTION 


The 
mll0/210/310 
are 
voltage 
followers 
featuring 
high- 


spee 
, low-input 
currents and large input voltage range. They 


are i ternally 
compensated 
with provision 
for external 
offset 


adju tmen!. Operation 
over wide supply voltages and temper- 


ature 
is possible. 


TYPICAL 
APPLICATION 


Fast Integrator 
With 
Low-Input 
Current 


ORDERING INFORMATION 


Package 
Temperature 
Order 


Type 
Range 
Number 


TO-99 
O°Cto +70°C 
LM310H 


DIP 
O°Cto +70°C 
LM310D 
Flat Package 
O°Cto +70°C 
LM310F 


Molded DIP 
O°Cto +70°C 
LM310N 
Dice 
O°Cto +70°C 
LD310 


TO-99 
_25°C to +85°C 
LM210H 


DIP 
_25°C to +85°C 
LM210D 


Flat Pak 
-25°C to +85°C 
LM210F 


TO-99 
_55°C to +125°C 
LM110H 


DIP 
_55°C to +125°C 
LM110D 


Flat Package 
_55°C to +125°C 
LM110F 


Dice 
_55°C to +125°C 
LD110 
UC-678 


CONNECTION 
DIAGRAMS 
Top Views 


Dual-In-Line 


'''''''.~' 
,,,..,,, 


NC 
2 
7 
V' 


I"'PUT 
3 
6 
OUTPUT 


V 
4 
5 
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B"lA"'E 
B 


@" 


aAlANCE" 
v 


,,( 
2 
6 
OUTPUT 


~PIIT 
3 
4 
~ 
BOOSTER 


(2) 
On DIP, 
pin 
6 is connected 
to bottom 
of package. 


(3) 
On 
Flat 
Package, 
pin 
5 is 
connected 
to Qottom 
of package 


Storage Temperature 
Range 


I 


Lead Temperature 
(soldering, 60 sec) 


±1BV 


500 mW 


±15V 


Indefinite 


-55°Cto 
+125°C 


-25°C 
to 
+B5°C 
OOCto 
+700C 


-65°C 
to + 150°C 


300°C 


Supply Voltage 


:~~~~a~~;a:~r (~::::ation 
(Nole 
1) 


Output Short-Circuit 
Duration 
(Note 
3) 


Operating Temperature 
Range 
Am110 
Am210 
Am310 


ELECTRICAL CHARACTERISTICS 
(TA = 25°C unless otherwise specified) 
(Nole 
4) 


Parameter 
Am310 


(see definiti9ns) 
Conditions 
Min 
Typ 
Max 


Am110 
Am210 
Min 
Typ 
Max 


Input Offset Voltage 
2.5 
7.5 
1.5 
4.0 
mV 


Input Bias Ourrent 
2.0 
7.0 
1.0 
3.0 
nA 


Input Resist nce 
104 
10' 
104 
10' 
MU 


Input Capac itance 
1.5 
1.5 
pF 


Large-Signa 
Voltage Gain 
Rl = B kU, Voet = ±10 V, Vs = ±15 V 
0.999 
0.9999 
0.999 
0.9999 
V/V 


Output Resi tance 
0.75 
2.5 
0.75 
2.5 
U 


Supply Curr nt 
3.9 
5.5 
3.9 
5.5 
mA 


Slew Rate 
Vs = ±15 V, V,N = ±10 V, Rl = 10 kU 
30 
20 
30 
V/flS 


The Following Specifications 
Apply Over The Operating Temperature Ranges 


Input Offset Voltage 
10.0 
6.0 
mV 


Input Bias Current 
10.0 
10.0 
nA 


Large-Signa 
Voltage Gain 
Rl = 10 kU, Vout = ±10 
V, Vs=±15V 
0.999 
0.999 
VIV 


Output Volt~ge Swing 
(Nole 
5) 
Rl=10kU, 
Vs=±15V 
±10 
±10 
V 


Supply Current 
TA = +125°C 
2.0 
4.0 
mA 


Supply Voltage Rejection Ratio 
±5V 
~ Vs ~ ±1BV 
70 
70 
dB 


0° ~ TA 
~ 
70°C 
10 
flV/oC 
Average Temperature 


-55°C 
~ TA 
~ 
B5°C 
6 
Coefficient of Input Offset Voltage 


+B5°C 
~ T" ~ 125°C 
12 


flV/oCm 


Dera~e Metal 
Can package 
6.8 
mWfC 
for 
operation 
at ambient 
temperatures 
above 
75°C. 
the Dual In-Line 
at 9 mWfC 
for operation 
at ambient 


temderatures 
above 
9SoC. 
and 
the 
Flat 
Packages at 5.4 mWiC 
for operation 
at ambient 
temperatures 
above 57°e. 


2. 
For 
~upplY 
voltages 
less than 
±15 
V, the 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 
3. :0 prevent damage when the output 
is s~orted, 
it is .necessary to insert a resJstor larger than 2 kn in series with the inpu:" Continuous 
short 
circ~it 


IS allowed 
for case temperatures 
to 125 
C and ambient 
temperatures 
to 70 
C for the 110/210. 
For 310, the correspondIng 
temperatures 
are 70 
C 
and 55 


0 C respectively. 
~.~~~:~:,O~~:~:;S:~i,:~~f~-::n~h~:~ 
S::~i~~:~~i~;~~P:~~:~~t~~;~I:e:~~~ar9~;of;;'0~0~;t;~ 
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TEMPERATURE-QC 


Am 112/212/312 


Compensated, 
High-Performance 
Operational 
Amplifier 


Distinctive 
Characteristics 


• 
The I Aml12/212/312 
are functionally, 
electrically, 
and pin-for-pin 
equivalents 
to the National 


LM 112/212/312. 


• 
Low input 
bias currents: 
800pA 


• 
Low input 
offset 
currents: 
50pA 
• 
Low power consumption: 
3mW 


• 
Internal 
frequency 
compensation. 
• 
Offset 
nulling 
provisions. 


FU~CTlONAL 
DESCRIPTION 


The 
Aml12/212/312 
are compensated 
high-performance 
ope ational 
amplifiers 
featuring 
very low offset 
voltage and 
input 
current 
errors 
competitive 
with 
F ET and 
chopper- 


stabilized 
amplifiers. 
The devices will 
operate 
over a supply 
vOlthge range of ±2V 
to ±20V, 
drawing 
a typical 
quiescent 


current 
of only 
300pA. 
The Aml12/212/312 
are internally 


frequency 
compensated 
and 
provision 
is made 
for 
offset 


adjustment 
with 
a single potentiometer. 
Overcompensation 


proJiding 
a greater 
stability 
margin 
is possible 
and 
the 
internal 
protection 
of the 
MOS capacitor 
makes it immune 
to overvoltage 
transients. 


• 
100% reliability 
assurance testing 
in compliance 
with 


MI L·STD-883. 


• 
Electrically 
tested 
and 
optically 
inspected 
die 
for 
assemblers of hybrid 
products. 


• 
Mixing 
privileges for obtaining 
price discounts. 
Refer 
to price list. 
• 
Available 
in metal can, hermetic 
dual-in-Iine 
or 
hermetic 
flat packages. 


TYPICAL 
APPLICATIONS 
Connection 
of input 
guards and offset 
null 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 
Number 
Type 
Range 
Number 


DIP 
o°c to +70°C 
LM312D 


Am312 
Metal Can 
O°Cto +70°C 
LM312H 
Dice 
O°Cto +70°C 
LD312 


DIP 
_25°C to +85°C 
LM212D 


Am212 
Metal Can 
-25°C 
to +85°C 
LM212 
Flat Pak 
_25°C to +85°C 
LM212F 


DIP 
_55°C to +125°C 
LM112D 
Metal Can 
-55°C 
to +125°C 
LMl12 
AM112 
Flat Pak 
-55°C to +125°C 
LM112F 


Dice 
_55°C to +125°C 
LDl12 


l 


Overcompensation 
for Greater 
Stability 
Margin 


L1C·689 


NON·INVERTING 
AMPLIFIER 


R,R2 


CONNECTION 
DIAGRAMS 


Top Views 


Dual-in-Line 
Metal Can 


BALAI«:E 
NC 


GUA,AO 
BALA,NCE 


INVERTING 
INPUT 


NON INVE~~t~~ 


GUARD 
COMPENSATION 


V 
" 


GUARD 


INVERTING 


INPUT 


NQ'IIINVERTING 


INPUT 


GUARD 


NOTES, 
(1) 
On metal 
can, pin 
4 is 
con nected 
to case. 


(2) 
On 
DIP, 
pin 
7 is connected 
to bottom 
of pac kage. 


(3) 
On flat 
package, 
pin 
6 is 


connected 
to bottom 
of 
package. 
Compensation 
terminal 
is not 
brought 
out on the flat package. 


I 


MAXIMUMIRATINGS 


Supply 
Voltaqe 
Am112,212 


Am312 
I 


Internal Power Dissipation 
(Note 1) 


Differential 
I put Current 
(Note 2) 


Input Voltage 
(Note 3) 


Output 
Short Circuit Duration 


Operating 
Te 
perature 
Range 
Am112 
Am212 
Am312 


Storage Temperature 
Range 


Lead Temper 
ture (Soldering, 
60 sec.) 


±20V 
±18V 


500mW 


±10mA 


±15V 


Indefinite 


_55°C 
to +125°C 


_25°C 
to +85°C 
O°C to +70°C 


-65°C 
to +150°C 


300°C 


ELECTRIC AL CHARACTERISTICS 
(TA = 25°C unless otherwise 
specified) 
(Note 4) 
Aml12 
Parameter 
Am312 
Am212 
(see definitio 
s) 
Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


Input 
off,e 
Voltage 
7.5 
2.0 
mV 


Input 
off,e 
Current 
1 
0.2 
nA 


Input 
Bias 
urrent 
7 
2.0 
nA 


Input Resis ance 
10 
30 
Mn 


Supply 
Cur ent 
0.8 
0.6 
mA 


Large Signa 
Voltage 
Gain 


VoUT 
= ± 10V, 
Vs = ± 15V 
25 
50 
V/mV 
RL> 
10kn 


The Follow 
og Specifications Apply 
Over The Operating Temperature Ranges 


Input 
off,ef 
Voltage 
10 
3.0 
mV 


Average Teqnperature 
Coefficient 
30 
15 
!J.vrc 
of Input 
oft,et 
Voltage 


Input Offse1 Current 
1.5 
0.4 
nA 


Average Te,p,perature 
Coefficient 
10 
2.5 
pArC 
of Input Of set Current 


Input 
Bias 
I urrent 
10 
3.0 
nA 


Supply 
Cur ent 
TA = +125'C 
0.4 
mA 


Large Signa 
Voltage 
Gain 


VoUT= 
±10V, 
VS= 
±15V 
15 
25 
V/mV 
RL > 10kn 


Output 
Vol 
age Swing 
Vs = ± 15V, 
RL = 10kn 
±13 
±13 
V 


Input 
Voltage 
Range 
VS=±15V 
±13.5 
±13.5 
V 


Common 
Mbde Rejection 
Ratio 
80 
85 
dB 


Supply 
Vol 
age Rejection 
Ratio 
80 
80 
dB 


Notes: 
1. Oer te Metal 
Can package 
at .6.8 mWfC 
for 
operation 
at ambient 
temperatures 
above 
7SoC and the 
Dual-In-Line 
package 
at 9 mW/C 
for opera~ 
. 
0 
•• 
0 
tlon 
at ambient 
temperatures 
above 
95 
C, and the 
Flat 
Package 
at 5.4 mWfC 
for 
operation 
at ambient 
temperatures 
above 
57 
C. 
2. 
Thel 
inputs 
are shunted 
with 
back-to-back 
diodes 
for 
overvoltage 
protection. 
Therefore, 
excessive 
current 
will 
flow 
if a differential 
input 
voltage 
in 
excess of 
1 V is applied 
between 
the 
inputs 
unless some 
limiting 
resistance 
is used. 


3. 
ForlsuPPIY 
voltages 
less than 
± 15 V, the 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 
4. 
Unl 
ss otherwise 
specified, 
these 
specifications 
apply 
for 
supply 
voltages 
from 
±5 
V to 
±2Q 
V for 
the 
Aml12, 
Am212 
and 
from 
±5 
V to 
±15 
V 
for 
he Am312. 
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Input Currents 
Maximum 
Drift Error 
> 
Maximum 
Offset Error 
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f- 
« 
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I 
> 
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0 
1.0 
:; 
0.1 


-55 -35 -15 
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25 
45 
65 
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105125 
lOOk 
1M 
10M 
100M 
:;; 
lOOk 
1M 
10M 
100M 


TEMPERATURE-oC 
INPUT RESISTANCE-n 
INPUT RESISTANCE-n 


Closed Loop 


Input Noise Voltage 
Power Supply 
Rejection 
Output 
Impedance 


1000 
120 
TA '" 2SoC 
103 
........ 
+- 


100 "'" 
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I 


Voltage Gain 
Output 
Swing 
Supply Current 
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SUPPLY 
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OUTPUT 
CURRENT -±mA 
SUPPLY 
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Large Signal Frequency 
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Open Loop Frequency 
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Response 
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=I:- GAIN --- 
180 
8 
- 
- PHASE 
- 
~ 


Vs = ±15V 
VS"'±15V 
I 
100 
:--C 
6 
N 
12~ 
- 
> 
- 
INPUT 
.. 
- 
1'-.. 
t 
' 
> 
, 
4 
" 
~- 
1 
"' 
/ 


, 
80 
K:'-' 
- 
135 ~ 
f-- 
- 
z 
z 
. 
- .--i 
:J: 
"' 
2 
;; 
~~ 
~ 
z 


8,-1 
~ 
\ 


60 
'" 
'fCS 


lOOOI'F7.~ 
~ 
"' 
- 
w 
0 


IOUTPUT 
w 
'I'. 
~ 
90 
~ 


>- 
'" 
"' 
40 
,. 


« 
-2 
~ 
l-- Cs 
= 1000---;- 


C) 
~ 
f- 
- 
f- 
~ 
1/ 
- 
I 


>- 
0 
"- 
:> 
0 
-4 
20 
I 
I 
45 
0 
4 '- 
- 
'- 
> 
> 


-6 
I 
I 
....•• 
f- 
- 
s: 


0 
T 
....•• 


-6 
I 
0 


0,-- 
'-- 
-10 
-20 


100 
lk 
10k 
lOOk 
0 
100 
200 
300 
400 
0.1 
1 
10 
100 
lk 
10k 
lOOk 
1M 


FREQUENCY-Hz 
TIME-ps 
FREQUENCY-Hz 
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ADDITIONAL 
APPLICATION 
INFORMATION 


GUARDING 


Extr, 
care must be taken 
in the assembly of printed 
circuit 
boards to take full advantage of the low input 
currents 
of the 112 amplifier. 
Boar(:is must 
be thoroughly 
cleaned 
with 
TeE 
or alcohol 
and 
blown 
dry 
with 
compressed 
air. 
/\fter 
cleaning, 
the boards should be 
coatSd with epoxy or silicone 
rubber to prevent contamination. 
Even with properly 
cleaned and coated boards, 
leakage currents 
may cause trouble 
at 125°C, particularly 
since the input pins are 
adjacent 
to pins that are at supply 
potentials. 
This leakage can be significantly 
reduced by using guarding to lower the voltage difference 
betw~en 
the inputs 
and adjacent 
metal funs. 
Input 
guarding 
of the 8·lead TO-99 
package is accomplished 
by using a 10·lead pin circle, 


with 
the leads of the device formed 
so that the holes adjacent 
to the inputs are empty 
when it is inserted in the board. 
The guard, which 
is a conductive 
ring 
surrounding 
the 
inputs, 
is connected 
to 
a low-impedance 
point 
that 
is at approximately 
the same voltage as the 
inputs. 
Leakage currents 
from 
high-voltage 
pins are then absorbed by the guard. 


The 
pin 
configuration 
of 
the 
dual-in·line 
package is designed to facilitate 
guarding, 
since the pins adjacent 
to the inputs 
are not used 
(this 
s different 
from 
the standard Am741 
and Am101A 
pin configuration.) 


COMPENSATION 


v. 
1'\ 


OUTPUT'~7 
8 
,/ 


Am118/218/318 


Distinctive Characteristics 
• 
The 
Aml18/218/318 
are 
functionally, 
electrically, 
and 
in-for-pin 
equivalent 
to 
the 
National 


LMl18/218/318 


• 
Slew 
rate: 
70V Ills 
• 
Smal 
signal bandwidth: 
15MHz 


• 
Inter 
al frequency 
compensation 


• 
Supply 
voltage range: 
±5V to 
±20V 


I 


FUNCTIONAL 
DESCRIPTION 


The IAml18/218/318 
are 
internally 
compensated 
high- 


speed 
operational 
amplifiers 
featuring 
minimum 
slew 
rate 
of 
SpV Ills, 
low 
input 
bias 
currents, 
large 
input 
voltage 
rang~ 
and 
excellent 
performance 
over 
a 
wide 
range 
of 


supply 
voltages 
and 
temperature. 
They 
have provision 
for 


incr~sed 
speeds 
when 
operating 
in 
the 
inverting 
mode. 


TYPICAL 
APPLICATIONS 
Fast Sample and Hold 


SAMPLE 


ORDERING 
INFORMATION 


Package 
Temperature 
Order 


Type 
Range 
Number 


Metal Can 
aOc to +7aoC 
LM318H 


DIP 
aOc to +7aoC 
LM318D 


Flat Package 
aOc to +7aoC 
LM318F 


Molded DIP 
aOc to +7aoC 
LM318N 


Dice 
aOc to +7aoC 
LD318 


Metal Can 
_25°C 
to +85°C 
LM218H 


DIP 
_25°C to +85°C 
LM218D 


Flat Pak 
_25°C to +85°C 
LM218F 


Metal Can 
_55°C to +125°C 
LMl18H 
DIP 
_55°C to +125°C 
LM118D 


Flat Package 
_55°C 
to +125 °c 
LMl18F 
Dice 
_55°C to +125°C 
LDl18 


Part 
Nurrber 


• 
100% 
reliability 
assurance 
testing 
in 
compliance 
with 
M I L-STD-883. 


• 
Electrically 
tested 
and 
optically 
inspected 
dice 
for 


hybrid 
manufacturers. 


• 
Available 
in metal can, hermetic 
dual-in-line, 
hermetic 
flat 
package or plastic minidip. 


CONNECTION 
DIAGRAMS 


Top 
Views 


NC 


NC 


COMP 
A BALANCE 


IN"eRTING 
INPUT 


NON 
INVERTING 
INPUT 


NC 


NC 


CQMP 
C 


v· 


OUTPUT 


COMP 
B BALANCE 


Notes: 
1. On 
Metal 
Can, 
pin 4 is connected 
to 
case. 


2. On 
DIP, 
pin 
6 is connected 
to 
bottom 
of 
package. 


3. On 
Flat 
Package, 
pin 
5 is connected 
to 
bottom 
of 
package. 


Supply Voltage 


Internal 
Power Dissipation 
(Note 1) 


Differential 
In ut Voltage (Note 2) 


Input Voltage 
Note 3) 


Output 
Short-Circuit 
Duration 


Operating 
Tem~erature 
Range 


Aml18 
Am218 
Am318 
I 


Storage Temper.ature 
Range 


Lead TemperatLre 
(Soldering, 
50 sec.) 


±20V 


500mW 


±5V 


±15V 


_55°C 
to +125°C 
_25°C 
to +85°C 
O°Cto 
+70°C 


_55°C 
to +150°C 


300°C 


Parameter 
(see definitionf) 


L CHARACTERISTICS 
(TA; 
25°C unless otherwise 
specified) 
(Note 4) 
Am318 
Typ. 


Aml18 
Am218 
Min. 
Typ. 


I 


Input 
Offset 
Voltage 
RS < 5kn 
4 
10 
2 
4 
mV 


Input 
Offset 
Current 
30 
200 
6 
50 
nA 


Inpu. 
Bias Cyrren. 
150 
500 
120 
250 
nA 


Input Resistarce 
0.5 
3 
1.0 
3 
Mn 


Supply Currert 
Vs ~±20V 
5 
10 
5 
8 
mA 


Large Signal tOltage 
Gain 
Vs ~±15V. 
VOUT= 
±10V 
25 
200 
50 
200 
V/mV 


RL 2: 2kn 


Slew Rate 


AV ~ +1, Vs ~±15V 
(Fig.ll 
50 
70 
50 
70 
V/ ••s 
RL = 2kn, 
CL = 30pF 


Small Signal Bandwidth 
VS~±15V 
15 
15 
MHz 


The 
Following 
Specifications 
Apply 
Over The 
Operating 
Temperature 
Ranges 


Input 
Offset 
yoltage 
RS~ 
5kn 
15 
6 
mV 


I nput Offset 
¢urrent 
300 
100 
nA 


Input 
Bias Current 
750 
500 
nA 


Large Signal 
Voltage 
Gain 
Vs ~±15V. 
VOUT 
~ ±10V 
20 
25 
V/mV 
RL 2: 2kn 


Input 
Voltage 
Range 
VS=±15V 
±11.5 
±11.5 
V 


Common 
Mode 
Rejection 
Ratio 
RS~ 
5kn 
70 
80 
dB 


Supply 
Volta 
e Rejection 
Ratio 
RS~ 
5kn 
65 
70 
dB 


Output 
Volta 
e Swing 
Vs ~±15V. 
RL = 2kn 
±12 
±13 
±12 
±13 
V 


Supply Curre 
t 
VS~±20V.TA=125°C 
7 
mA 


Notes: 
1. 
Derate 
Metal 
Can 
package 
at 
6.8 mwtC 
for 
operation 
at 
ambient 
temperatures 
above 
7SoC. 
the 
Dual~ln-Line 
package 
at 9 mWfC 
for 
operation 
at ambient 
temperatures 
above 
9SoC. 
and the Flat Package at 5.4 mWfC 
for 
operation 
at ambient 
temperatures 
above 
57°C. 
2. 
The 
inputs 
are 
shunted 
with 
diodes 
for 
overvoltage 
protection. 
To 
limit 
the 
current 
in the 
protection 
diodes, 
resistances 
of 2 kn or greater 
should 
be inserted 
in series with 
the 
input 
leads for 
differential 
input 
voltages 
greater 
than 
±5 
V. 


3. 
For 
supply 
voltages 
less than 
±15 
V, 
the 
maximum 
input 
voltage 
is equal 
to 
the 
supply 
voltage. 


4. 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 
supply 
voltages 
from 
±5 
V to 
±20 
V. 


PERFORMANCE 
CURVES 


Voltage 
Gain 
Power 
Supply 
Rejection 
Input 
Noise Voltage 
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Loop 
Common 
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Impedance 
Current 
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mV 
8 
60 
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25 
45 
65 
85 
105 125 
-55 
-35 
-15 
5 
25 
45 
65 
85 
105 125 
0.03 
0,1 
0.3 
1 
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TEMPERATURE 
_ DC 
TEMPERATURE 
_ °c 
TIME 
- 
p.s 


L1e·69S 
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Loop 
Frequency 
Response 


:r, ~-,:- 
, 3:~~':, 
~~-~I 
-I-.--90ffi 


j~~- H~~P 


10 
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lk 
10k 
lOOk 1M 
10M 100M 


FREQUENCY 
~ Hz 


Large Signal 
Frequency 
Response 


'r .w CTTTTIA" 
25"C 


1h rr :\~TIT I' 
Vs = ±lS~ 


10 
\ 
I 
" 
,il'if 
-+ 
l ~~~-!'i!!il- 


[ 
f hL'i- - 


f.SMl~MI-I;I I 


~ 
2M 
5M 
10M 
20M 
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FREQUENCY 
- 
Hz 


Large Signal 
Response 
with 


14 


12- 


Frequency 
Feedforward 


I T~~~sLh'l 


Vs 
= :!:15V 


(Fig. 3) 
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Hz 
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Response 
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I" 
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60 


'" 
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40 
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Hz 


Voltage 
Follower 
Pulse Response 


Effect 
of Capacitive 
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on Closed 
Loop 
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Response 
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Voltage 
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Pulse Response 
Over Temperature 
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0 


Vs 
±15V 
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= 30pF 


I'F;'i 111 


Inverter 
Pulse 


Response 
with 
Feedforward 


16 


Vs 
= ±15V 


TA':: 
25°C 


Rl 
= 2kil 


CL '" 30pF 
(Fig. 1) 


The 
high 
gain 
and 
large 
bandwidth 
of 
the 
Am 118 
make 
it 
mandatory 
to 
observe 
the 
following 
precautions 
in using 
the 
device, as is the case with any high-frequency 
amplifier. 
Circuit 
layout 
should 
be arranged 
to keep all lead lengths 
as short 
as 
possible 
and the output 
separated 
from 
the inputs. 
The values 
of the 
feedback 
and 
source 
impedances 
should 
be kept 
small 


to 
reduce 
the 
effect 
of stray 
capacitance 
at the 
inputs. 
The 
power supplies 
must 
be bypassed 
to ground 
at the supply 
leads 
of 
the 
amplifier 
with 
low 
inductance 
capacitors. 
Capacitive 
loading 
must 
be kept 
to 
minimum, 
or the 
amplifier 
must 
be 
isolated 
as shown 
in the 
applications. 


Inverter 
Pulse 
Response 
without 
Feedforward 


12 --- --+-+- ~/'-- 
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= JOpF 
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(Fig. 31 


Voltage 
Follower 
(Slew Rate Test Circuit) 


INPUT 


PULS~ 
HF '';HT 
'" 410V 


PULSE W 
TH· 
lps 


RISE 
IME :::10ns 


Inverter 
with 
Feedforward 
Compensation 
for 
Higher Slew Rate 


DI A Converter 
with 
Ladder 
Network 


OUTPUT 
PULSE HEIGHT'" 
'1OV 


6V'" 
'7V 


ll.T 1$ MEASURED 


Isolating 
Large 
Capacitive 
Loads 
r 


Compensation 
for 
Minimum 
Settling 
Time 


D/A 
Converter 
with Binary 
Network 


High 
Speed 
Summing 
Amplifier 
with 
Low 
Input 
Bias Currents 


L1-1QV-14mA 
bulb 
ELDEMA 
1869 


R1 = R2 
C1 = C2 


1 
f= 
2"R1C1 


"'"I I I I" ••••• 
"'"I ", 
••••• 
"'"I "", •..•• 
"'" 
Quad Op Amps 


Distinctive 
Characteristics 


• 
In t~e 
linear 
mode the input 
common-mode 
voltage 
range includes ground and the output 
voltage can also 


swing to 
ground, 
even though 
operated 
from 
only 
a 
single power supply voltage. 
• 
The unity 
gain cross frequency 
is temperature 


compensated 
• 
The i put bias current 
is also temperature 
compensated 
• 
Interrally 
frequency 
compensated 
for unity 
gain 


• 
Larg~ dc voltage gain - 
100dS 


• 
Wide bandwidth 
(unity 
gain) - 
1MHz 


(templerature compensated) 


FUN 
ITiONAL 
DESCRIPTION 


The 
tm124 
series consists 
of 
four 
independent, 
high 
gain, 
internelly 
frequency 
compensated 
operational 
amplifiers 
designed primarily 
to operate 
from 
a single power supply 
over 


a wide 
range of voltages. 
These devices can also operate 
from 


split 
~ower 
supplies 
and the 
low power 
supply 
current 
drain 


is ind1 


pendent 
of the magnitude 
of the power supply 
voltage. 


Functional 
applications 
consist 
of all the conventional 
op amp 
circuits 
which 
can now be more easily implemented 
in single 
powe~ supply 
systems along with 
transducer 
amplifiers 
and dc 


gain blocks. 


ORDERING 
INFORMATION 


I 
Package 
Tem peratu re 
Order 
Part 
Number 
Type 
Range 
Number 


Hermetic 
DIP 
aOc to +7aoC 
LM324D 


Am324 
Molded 
DIP 
aOc to +70°C 
LM324N 


Dice 
aOc to +7aoC 
LD324 


I 


-25°C 
to +85°C 
Am 
,24 
Hermetic 
DIP 
LM224D 


Hermetic 
DIP 
-55°C 
to +125°C 
LM124D 


Am124 
Flat Pack 
-55°C 
to +125°C 
LM124F 


Dice 
-55°C 
to +125°C 
LM124 


AmJ24A 


Hermetic 
DIP 
aOc to +7aoC 
LM324AD 


Molded 
DIP 
aOc to +7aoC 
LM324AN 


Dice 
aOc to +70°C 
LM324A 


Am224A 
Hermetic 
DIP 
-25°C 
to +85°C 
LM224AD 


Hermetic 
DIP 
-55°C 
to +125°C 
LM124AD 


Am124A 
Flat Pack 
_55°C 
to +125°C 
LM124AF 
Dice 
_55°C 
to +125°C 
LD124A 


I 


I 


6-36 


• 
Wide power supply range: 
Single supply - 
3V to 30V 
Dual supplies - 
±1.5V to ±15V 


• 
Very 
low supply 
current 
drain 
(800j.LA) 
- 
essentially 


independent 
of supply voltage (1mW/op amp at +5V) 


• 
Low input biasing current 
- 
45nA 


(temperature 
compensated) 
• 
Low input offset voltage - 
2mV 
and offset current 
- 
5nA 
• 
Input 
common-mode 
voltage 
range includes 
ground 


• 
Differential 
input 
voltage 
range equal to the power 
supply voltage 
• 
Lar~e output 
voltage swing - 
OV to V+ -1.5V 


CONNECTION 
DIAGRAM 


Top View 


OUTPUT 
1 
QUPTUT 
4 


INPUT 
1- 
INPUT 
4- 


INPUT 1+ 
INPUT 
4+ 


v· 
m;') 


INPUT 
2+ 
INPUT 3"'" 


INPUT 2- 
INPUT 
3- 


OUTPUT 2 
OUTPUT 3 


Am124A 
Am224A 
Am324A 
Am124/Am224 
Am324 


Parameter 
Conditions 
Min. 
Typ. Max. 
Min. 
Typ. Max. 
Min. Typ. Max. 
Min. 
Typ. Max. 
Min. Typ. Max. 
Units 


Input Offset Voltage 
TA" 
2S'"C 
(Note 5) 
1.0 
2.0 
1.0 
3.0 
2.0 
3.0 
±2.0 
:15.0 
t2.0 
±7.0 
mVOC 


Input Bias Current 
'IN!"') or IIN(_), TA" 
2S'"C 
20 
50 
40 
80 
45 
'00 
45 
'50 
45 
250 
nAoe 
(Note 6) 


Input Offset Current 
IINt+) 
IIN(_). TA -2S'"C 
2.0 
10 
2.0 
'5 
5.0 
30 
±3.0 
±30 
is.a 
±50 
nAce 


Input Common-Mode 
V+ •• 30VOC. 
TA" 
25°C 
0 
V+-l.5 
0 
V+-l.S 
0 
V+-l.5 
0 
V+-l.5 
0 
V+-1.5 
Vce 
Voltage Range (Note 71 


RL--·VCC-3OV 
1.5 
3.0 
'.5 
3.0 
1.5 
3.0 
1.5 
3.0 
1.5 
3.0 
Supplv Currern 
RL" - 
0.7 
0.7 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 
mAce 
1.2 
'.2 


Large Signal 
V+ •• 15VOC 
(For 
large Vo swing) 
50 
'00 
50 
100 
25 
'00 
50 
100 
25 
100 
V/mV 
Voltage Gain 
RL;> 
2.0kn, 
TA" 
2S'"C 


Output 
Voltage 
Swing 
AL" 
2.0kn. TA" 
2S'"C 
0 
V+-l.5 
0 
V+-l.5 
VOC 


Common-Mode 
DC, TA -2S'"C 
70 
85 
70 
85 
65 
85 
70 
85 
65 
70 
d8 
Rejection Ratio 


Power 
SupplV 
DC, TA _25°C 
65 
100 
65 
'00 
65 
'00 
65 
'00 
65 
'00 
d8 
Rejection 
Ratio 


Amplifier 
to Amplifier 
f -1.0kHzto 
20kHz, TA" 
2S'"C 
-120 
-120 
-120 
-120 
-120 
d8 
Coupling (Note 8) 
(Input 
referred) 


Sour e 


VIN+" 
1.aVOC. VIN-" 
avoc, 


20 
40 
20 
40 
20 
20 
40 
20 
40 
v+ '" 15VOC. TA "'-25°C 
40 


mAoc 


Output Current 


VIN-" 
1.0VOC, VIN+" 
avoc, 
'0 
20 
'0 
20 
'0 
20 
'0 
20 
10 
20 


Sink 
v+ •• 15VOC, TA" 
25°C 


I 


VIN-" 
1.0VOC' VIN+" 
OVoc, 


'2 
50 
'2 
50 
'2 
50 
12 
50 
'2 
50 
pAOC 
TA" 
25°C. Vo 
= 200mVDC 


Short Circuit to Ground 
TA •• 25°C (Note 21 
40 
60 
40 
60 
40 
60 
40 
60 
40 
60 
mAce 


Input Offset Voltage 
Note 5 
4.0 
4.0 
5.0 
17.0 
.!:9.0 
mVce 


Input Offset 


RS - on 
7.0 
20 
7.0 
20 
7.0 
30 
7.0 
7.0 
IlV/oC 
Voltage Orift 


Input Offset Currenl 
IIN (+1 - 
IIN I_I 
30 
30 
75 
!100 
±150 
nAce 


Input Offset 
10 
200 
'0 
200 
'0 
300 
'0 
10 
pAOCrc 
Current Drift 


Input Bias Current 
I 
IIN(+1 or ItN(~) 
40 
'00 
40 
'00 
40 
200 
40 
300 
40 
500 
nAOC 


Input Common-Mode ! 
V+ •• JOVOC 
0 
V+-2.0 
0 
V+-2.0 
0 
V+-2.a 
0 
v+-2.a 
0 
V+-2.a 
VOC 
Voltage Range (Note 7~ 


Large Signal 
V+ - +15VOC (For large Vo swing) 
25 
25 
15 
25 
'5 
V/mY 
Voltage Gain 
Al:> 
2.0kn 


V+ •• +JOVOC' Al 
'" 2.0kn 
26 
26 
26 
26 
26 


I Output Voltage 
VOH 
VOC 


Swing 
Al:> 
10kn 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 


VOL 
y+ - 5.0VOC· 
Rl 
0;;;; 10kn 
5.0 
20 
5.0 
20 
5.0 
20 
5.0 
20 
5.0 
20 
mVOC 


Sourer 
VIN+ -1.0VOC' 
VIN- 
-avOC' 
10 
20 
10 
20 
'0 
20 
10 
20 
'0 
20 


Output Current 
V+" 
15VOC 
mA 


Sink 
VtN-" 
1.0VOC' VIN+" 
OVoc, 
10 
'5 
5.0 
8.0 
5.0 
8.0 
5.0 
8.0 
5.0 
8.0 
V+ - 15VOC 


Oifferential 
tnput 
Note 7 
V+ 
V+ 
V+ 
V+ 
V+ 
Vce 
Voltage 


"otes: 
1_ For 
operating 
at high temperatures, 
the 
Am324 
must 
be derated 
based 
on a +125°C 
maximum 
junction 
temperature 
and a thermal 
resistance 
of 
175°C/W 
which 
:pplies 
:or 
th~ devi~e soldered 
in a printe~ 
c.ircu.it b?ard, 
operating 
in a still air ~'"'.'bient. The Am224 
an'~ Am124 
can be d~rated 
based 
on a +150 
C maximum 
Junction 
temperature. 
The diSSiPation 
IS the total 
of all four 
amplifiers 
- 
use external 
reSistors, 
where 
pOSSible to 


allow the amplifier 
to saturate 
or to reduce 
the power 
which 
is dissipated 
in the integrated 
circuit. 


2. 
Short 
circuits 
from 
the 
output 
to V+ can cause excessive 
heating 
and eventual 
destruction. 
The maximum 
output 
current 
is approximately 
40mA 
independ~nt 
of the magnitude 
of V+. At values 
of supply 
voltage 
in excess 
of +15V, 
continuous 
short-circuits 
can exceed 
the 
power 
dissipation 
ratings 
81d cause eventual 
destruction. 


3. 
This inp~t 
current 
will only 
exist 
when 
the voltage 
at any of the input 
leads is driven 
negative. 
It is due to the collector-base 
junction 
of the input 


PNP 
transistors 
becoming 
forward 
biased 
and 
thereby 
acting 
as input 
diode 
clamps. 
In addition 
to this diode 
action, 
there 
is also lateral 
NPN 


parasitic 
fransistor 
action 
on the 
IC chip. 
This transistor 
action 
can cause 
the 
output 
voltages 
of the 
op amps to go to the V+ voltage 
level (or to 


ground 
for a large overdrive) 
for the time duration 
that an input 
is driven 
negative. 
This is not destructive 
and normal 
outPut 
states 
will re-establish 


when the input 
voltage, 
which 
was negative, 
again returns 
to a value greater 
than 
-O.3V. 
4. 
These 
specifications 
apply 
for V+ = +5VOC 
and -5S"C 
<;; T A ~ +125"C. 
unless otherwise 
stated. 
With the Am224, 
all temperature 
specifications 
are limited 
to _25°C 
~ TA'" 
+85°C 
and the Am324 
temperature 
specifications 
are limited 
to O°C ~ T A <; +70oC. 


5. 
Va;: 
1.4V, 
RS = on with V+ from 
5V to 30V; and over the full input 
common-mode 
range (OV to V+ -1.5VL 
6. 
The direction 
of the 
input 
current 
is out 
of the IC due to the PNP input stage. This current 
is essentially 
constant, 
independent 
of the state 
of the 
output 
so no loading 
change 
ex ists on the input 
lines. 


7. 
The 
input 
common-mode 
voltage 
or either 
input 
signal voltage 
should 
not 
be allowed 
to go negative 
by more 
than 
O.3V. The upper 
end 
of the 
common-mode 
voltage 
range is V+ -1.5V, 
but either 
or both 
inputs 
can go to +32V without 
damage. 


8. 
Due to Proximity 
of external 
components, 
insure that coupling 
is not originating 
via stray capacitance 
between 
these external 
parts. 
This typically 
can be detected 
as this type 
of capacitive 
coupling 
increases 
at higher frequencies. 


Am12,/224/324. 
Am124A/224A/324A 


MAXIMUM 
RATINGS 
(Above which 
the useful life may be impaired) 


Supply 
voltage, 
V+ 


Differential 
Input 
Voltage 


Input 
V61tage 


Power dissipation 
(Note 
1) 


Molded 
DIP 


Cavity 
DIP 


Flat Pak (Am124F) 


Output 
Short Circuit 
to GND (Note 2) 


(One Amplifier) 
V+.;; 
15V and T A ~ 25°C 


Input 
Current 
(VIN < -0.3VOL) 
(Note 3) 


Operatillg 
Temperature 
Range 


Am324/Am324A 


Am224/Am224A 


Am124/Am124A 


Storage Temperature 
Range 


Lead TefTlperature 
(Soldering, 
10 seconds) 


~ 
I 
w 
" 
10 
~ 
o> 
~ 
"Iz~- 


oo 
5 
10 
15 


V+OR 
V- 
-POWER 
SUPPLY 
VOLTAGE 
- 
tV 


o 


o 
10 
20 


v+ - 
SUPPl 
y VOLTAGE 
- 
V 


90 


80 


'2 
70 


I 


60 
I- 
~ 
50 


::> 
40 
u 
I- 


30 
~ 
" 
20 
I.• 
10 


VCM 
= ov 
I 
I 
I 
I 
I 
I 


v+ = +30V 
.- 
I 
I 
I 


- 
:-- 
v+ =+15V 


- 
f-- v+ 
+5.0V 


I 
I 
I 
I 


I I I 
I 
o 
-55 
-35 -15 
5 
25 
45 
65 
85 105 125 


T A 
- 
TEMPERATURE 
_ °c 


160 
.• 
." 
Iz 
120 
;;; 
" 
w"« 
80 
:; 
0> 
I-' 
40 
0> 
« 


RL "'20kS'! 
II 


'" 
7~ 
, 
c-- - 
r-RL 
= 2.Okn 


o 
o 
10 
20 
30 


v+ - 
SUPPl 
Y VOLTAGE 
- 
V 


32V or ±16V 


32V 


-0.3V 
to +32V 


570mW 


900mW 


800mW 


Continuous 


50mA 


O°C to +70°C 


_25°C 
to +85°C 


_55°C 
to +125°C 


-65°C 
to +150°C 


300°C 


Open Loop 
Common-Mode 
Voltage 
Follower 


Frequency 
Response 
Rejection 
Ratio 
Pulse Response 


140 
120 
4 


V+ '" 30V AND 
t- > 
RL>2.0kU 


'" 
If--S5°C<;TA'-;+125°C 
~ 
I 
3 
V+ = 15V 
~ 
100 
/ 
1\ 
I 
'\:-I 
... 
w'" 
t- w 
z 
O~ 


::> 
'" 
2 
;;' 'i 
~ 
~ 


0, 
0" 
1/ 
\ 
'!'o 
80 
'':> 


'" 
z- 
oo 
I 
w 
ot- 


'" 
80 
~:~ 
0" 
'~ 
"" 
> 
> 
- 
" 


,,'" 
60 


~ 


~ 
':> 
Oz 
i 
~ 


uO 
0 
It:: 
t- > 
3 
> 
40 
, 
",u 
::> 
, 
~ 


:~ 
V+~lOTo15vll~ 
"'~ 
~~ 
0 
"W 
2 


> 
u'" 
20 
V'N 
1<"" 
-'SV 
, " 
t- 
" 
I 
-55°C"'TA"'+125°C 
~ 


z~ 
1 


I '" 
I ~ 
>-~ 
- 


0 
0 
0 
1 
10 
100 
I k 
10k 
lOOk 
1M 
10M 
100 
1 k 
10k 
lOOk 
1M 
0 
10 
20 
30 
40 


f - 
FREQUENCY 
- 
Hz 
f - 
FREQUENCY 
- 
Hz 
t - TIME -lJs 


Voltage 
Follower 
Pulse 
I 
Response 
(Small Signal) 


> 
51 
~, 
~A=+25°C 


E 
450 
~ 
_V+:+JOV 
~ i r 
f\ 


~ 
400 
o> 
t- 
::> 
:= 
::>o, 


.0 


Large Signal 
Frequency 
Response 
Output 
Characteristics 


Current Sou rcing 


8 


INDEPENDENT 
OF v+ II I 


7 
TA'" +2SoC 


III1III 
I 


o,"~ 
~ 
I I 


'NPU':.. 


~OUTPUT 
--.... 


vV' 


15 
-- 
- 


1 
0.001 
0.01 
0.1 
1.0 
10 
100 


10+ - 
OUTPUT 
SOURCE 
CURRENT 
- 
mA 


10 


> 


I 
w 
'" 
1.0 
" 
':>0> 
t-~ 
0.1 
t- 
::>0 
I 
0 
> 


Output 
Characteristics 
Current 
Sinking 


v+ = +5.0V 
,I III 


V+:+15V 


V+=+30V=r 
~ 


Htt-~A, ~ ~25, C 
":~. 


Current 
Limiting 


90 
I 
I 
I 


" 


80 :::t? 
E 
70 
, 
t- 


60 
~ 
'" 


50 
......•......• 
::>u 
40 
t- 
-•........ 
~ 
30 
t- 
r- 
::>0 
20 


I 
+ 
10 
5' 
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25 
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65 
85 
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T A - 
TEMPERATURE 
- °c 


0.01 
0.001 
0.01 
0.1 
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10 
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10- 
- 
OUTPUT 
SINK 
CURRENT 
- 
mA 


OUTPUT 
1 
OUTPUT 
4 


INPUT 
1- 
INPUT 4- 


INPUT 
1+ 
INPUT 4+ 


v+ 
GND 


INPUT 2+ 
INPUT 3+ 


INPUT 2- 
INPUT 3- 


OUTPUT 
2 
OUTPUT 
3 


The 
Am 124 series 
are op 
amps 
primarily 
operating 
from 
a 
single power 
supply 
voltage 
and have true-differential 
inputs 
remaining 
in the 
linear 
mode 
with 
an input 
common-mode 
voltage 
of OV. These 
amplifiers 
operate 
over a wide range of 


power supply voltage with little change in performance 
charac- 
teristics. 
The bias network 
of the amplifier 
establishes 
a drain 
~~~;:j: 
~~edre~heen~:;:e~~ ft~~ ~~~~~~ev 
~f the 
power 
supply 


The pin configuration 
is designed to simplify PC board layouts. 
Since the 
amplifier 
outputs 
are placed 
at the corners 
of the 
package 
(pins 1,7,8, 
and 14) and are adjacent 
to the inverting 
inputs. 


Extra 
care should 
be taken 
to insure that the power for the 
circui~ never becomes 
reversed 
in polarity 
or that 
the unit is 
not 
i ladvertently 
installed 
backwards 
in a test 
socket. 
This 
prevents 
a possible 
fusing 
of 
the 
internal 
conductors 
and 


becoming 
a destroyed 
unit which could occur from the unlim- 


ited cLrrent 
surge through 
the resulting 
forward 
diode within 


the IC. 


The use of input 
differential 
voltage 
protection 
diodes 
is not 
needed 
since large differential 
voltages can be readily applied 
resulting 
in no 
large 
input 
currents. 
The 
differential 
input 
voltage 
may be larger than 
V+ without 
damaging 
the device. 


Protection, 
such 
as an input 
clamp 
diode 
with 
a resistor 
to 
the IC input terminal. 
should be provided to prevent the input 


voltages from going negative more than -O.3V 
(at 25°C). 


The amplifiers 
contain 
a class A output 
stage for small signal 


levels which 
converts 
to class B in a large signal mode, 
to 
reduce 
the 
power 
supply 
current 
drain. 
Since this allows the 
amplifiers 
to both source and. sink large output 
currents, 
both 
NPN and PNP external 
current 
boost transistors 
can be used to 
extend 
the 
power 
capability 
of 
the 
basic 
amplifiers. 
The 
output 
voltage needs to rise approximately 
1 diode drop above 


ground 
to bias the on-chip 
vertical 
PNP transistor 
for output 
current 
sinking applications. 


For 
AC 
coupled 
applications 
crossover 
distortion 
can 
be 


minimized 
by 
utilizing 
a resistor 
from 
the 
output 
of the 
amplifier 
to ground. 
However, 
in DC applications, 
where the 


load is directly 
coupled, 
there is no crossover distortion. 


To 
maintain 
resistance 
to 
destruction, 
output 
short 
circuits 
either 
to ground 
or to the 
positive 
power 
supply 
should 
be 


restricted 
to short 
time durations. 
The possibility 
of destruc- 


tion 
exists, 
not as a result 
of the short 
circuit 
current 
metal 
fusing, but rather due to the large increase 
in IC chip dissipa- 


tion which will cause eventual failure due to excessive junction 
temperatur~s. 
Putting 
direct 
short 
circuits 
on more than one 
amplifier 
at a time increases 
the total 
IC power dissipation 
to 


destructive 
levels, 
if not 
properly 
protected 
with 
external 
dissipation 
limiting resistors 
in series with the output 
leads of 


the amplifiers. 
The larger value of output 
source current 
which 
is available 
at 25°C provides 
a larger output 
current 
capability 
at elevated 
temperatures 
(see section 
on typical 
performance 


characteristics) 
than a standard 
IC op amp. 


Capacitive 
loads which 
are applied 
directly 
to the output 
of 
the amplifier 
reduce the loop stability 
margin. Values of 50pF 


can be accomodated 
using the worst case non inverting 
unity 


gain connection. 
Large closed loop gains or resistive 
isolation 
should 
be used if larger load capacitance 
must 
be driven 
by 


the amplifier. 


The series, as presented 
in the section 
on typical 
applications, 
emphasize 
operations 
on only 
a single power supply 
voltage. 
Yet, 
if complementary 
power 
supplies 
are available, 
all of 


the standard 
op amp circuits 
can be implemented. 
A unique 


feature 
in introducing 
a pseudo-ground 
(a bias voltage reference 
of V+/2) 
is allowing operation 
above and below this value in 
single 
power 
supply 
systems. 
In most 
cases, input 
biasing 
is 


not required 
and input voltages which 
range to ground 
can be 
easily accomodated. 


Am148 •Am149 


Distinctive 
Characteristics 


• 
741 op arp 
operating 
characteristics 
• 
Low sup 
Iy current 
drain - 
O.6mA/amplifier 
• 
Class AB output 
state - 
no crossover distortion 
• 
Pin compatible 
with 
the Am124 
• 
Low inpJt 
offset 
voltage - 
1.0mV 
• 
Low input 
offset 
current 
- 
4.0nA 


• 
Low input 
bias current 
- 
30nA 
• 
Gain bandwidth 
product 
Am148 
(unity 
gain) - 
1.0MHz 
Am149 
(AV;;;' 
5) - 
4.0MHz 
• 
High degree of isolation 
between 
amplifiers 
- 
120dB 


• 
Overload 
protection 
for inputs and outputs 


The 
Am148 
series 
is a true 
quad 
741. 
It consists 
of four 


independent, 
high 
gain, 
internally 
compensated, 
low·power 


operation,1 
amplifiers 
which 
have 
been designed 
to provide 


functional 
I characteristics 
identical 
to 
those 
of the 
familiar 


741 operafional 
amplifier. 
In addition 
the total supply current 


for all four amplifiers 
is comparable 
to the supply current 
of a 


single 741 type 
op amp. 
Other 
features 
include 
input offset 


currents 
a d input bias current 
which are much less than those 


of a standard 
741. Also, excellent 
isolation 
between 
amplifiers 


has been achieved by independently 
biasing each amplifier 
and 


using layout techniques 
which minimize thermal 
coupling. 
The 


Am149 
series has the same features 
as the Am148 
plus a gain 


bandwidth 
product 
of 4.0MHz at a gain of 5.0 or greater. 


The Am148 
can be used anywhere 
multiple 
741 or 1558 type 


amplifiers 
are being used and in applications 
where amplifier 


matching 
or high packing density 
is required. 


*1.0pF 
on Je 
Am149 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


Hermetic 
DIP 
O°C to +70°C 
LM348D 


Am348 
Molded 
DIP 
O°C to +70°C 
LM348N 


Dice 
O°C to +70°C 
LD348 


Am248 
Hermetic 
DIP 
_25° C to +85° C 
LM248D 


Am148 
Hermetic 
DIP 
-55°C 
to +125°C 
LM148D 


Dice 
-55°C 
to +125°C 
LD148 


Hermetic 
0 IP 
O°C to +70°C 
LM349D 


Am349 
Molded 
DIP 
O°C to +70°C 
LM349N 


Dice 
O°C to +70°C 
LD349 


Am249 
Hermetic 
DIP 
_25° C to +85° C 
LM249D 


Am149 
Hermetic 
DIP 
_55° C to +125° C 
LM149D 


Dice 
-55°C 
to +125°C 
LD149 


6-41 


340n 


-Vee 


L1C-71Z 


CONNECTION 
DIAGRAM 
Top View 


OUT 
1 
OUT 4 


IN 1- 
IN 4- 


IN 
,. 
IN 
4+ 


v· 
v' 


IN 2+ 
IN 
3+ 


IN 2- 
IN 3- 


OUT 2 
OUT 3 


Note: 
Pin 1 is marked 
for 
orientation. 
L1C-713 


I~~~~ Vdlta~e 


Output 
~hort Circuit Duration 
(Note 1) 


Power Dissipation 
(Pd at 25°C) and Thermal 


Resistange 
(8jA), (Note 2) 


Molded DIP (N) 
Pd 


ejA 


CaJity DIP (D) (J) 
Pd 


ejA 


Maximum Junction 
Temperature 
(TJ·max ) 
I 
. 


Operating 
Temperature 
Range 


Storage ~emperature 
Range 


Lead Temperature 
(Soldering, 
60 seconds) 


See Am74' 
for Typical 
Performance 
Characteristics. 


±18V 


Continuous 


±18V 


Continuous 


900mW 


100°C!W 


150°C 


-55°C';; 
TA';; +125°C 


-65°C 
to +150°C 


300°C 


570mW 


150°C!W 


900mW 


100°C/W 


110°C 


-25°C';; 
TA';; +85°C 


-65°C 
to +150°C 


300°C 


500mW 


150°C!W 


900mW 


100°C!W 


100°C 


0°C';;TA';;+70°C 


_65°C 
to +150°C 


300°C 


I 


ELECTRICAL 
CHARACTERISTICS 
(Note 3) 


Paramete)s 


Am148/Am149 
Min 
Typ 
Max 
Am248/Am249 
Min 
Typ 
Max 
Am348/Am349 


Min 
Typ 
Max 


Input Oflset 
Voltage 
T A = 25°C, 
RS <;; 10kn 
1.0 
5.0 
1.0 
6.0 
1.0 
6.0 
mV 


Input Of~set 
Current 
TA 
= 25°C 
4.0 
25 
4.0 
50 
4.0 
50 
nA 


Input 
Bias Current 
TA - 25°C 
30 
100 
30 
200 
30 
200 
nA 


Input Re~istance 
TA = 25°C 
0.8 
2.5 
0.8 
2.5 
0.8 
2.5 
Mn 


Supply 
C~rrent 
All 
TA 
= 25°C, 
Vs = ±15V 
2.4 
3.6 
2.4 
4.5 
2.4 
4.5 
mA 
Amplifie~s 


Large Signal Voltage 
Gain 
TA 
= 25°C, 
Vs = ±15V 
50 
160 
25 
160 
25 
160 
VlmV 
VOUT 
= ±10V, 
RL;;> 2.0kn 


AmPlifieJ'I 
to Amplifier 
T A = 25°C, f = 1.0Hz to 20kHz 
-120 
-120 
-120 
dB 


Coupling 
(I nput 
Referred) 


Small Sig~al Bandwidth 
TA = 25°C 


Am148 
Series 
1.0 
1.0 
1.0 
MHz 
Am149 
Series 
4.0 
4.0 
4.0 


Phase Majgi n 


Am148 Series 
60 
60 
60 


TA 
= 25°C 
(AV 
= 1) 


.degrees 


Am149 
Series 


(AV 
= 5) 
60 
60 
60 


Am148 
Series 


0.5 
0.5 
0.5 
Slew 
Rate 
TA 
= 25°C 
(AV 
= 11 


VI/J.s 


I 


Am 149 Series 
2.0 
(AV 
= 5) 
2.0 
2.0 


Output 
Short Circuit 


TA = 25°C 
25 
25 
Current 
25 
mA 


Input 
Off1et 
Voltage 
RS <;;10kn 
6.0 
7.5 
7.5 
mV 


Input 
Offset 
Curren1 
75 
125 
100 
nA 


Input 
Bias Current 
325 
500 
400 
nA 


Large Signjl 
Voltage 
Gain 
Vs - ±15V, 
VOUT 
- ±10V, 


25 
15 
15 
VlmV 
RL> 
2.0kn 


Output 
VJltage 
Swing 
I RL-10kn 
±12 
±13 
±12 
±13 
±12 
±13 
VS=±15V 
V 
I RL - 2.0kn 
±10 
±12 
±10 
±12 
±10 
±12 


Input 
Voltage 
Range 
Vs - ±15V 
±12 
±12 
±12 
V 


Common-Mode 
Rejection 
RS<;;10kn 
70 
90 
Ratio 
70 
90 
70 
90 
dB 


Supply 
Voltage 
Rejection 
RS <;; 10kn 
77 
96 
77 
96 
77 
96 
dB 


Notes: 
1. 
Any 
of 
the 
amplifier 
outputs 
can 
be shorted 
to 
ground 
indefinitely; 
however, 
more 
than 
one 
should 
not 
be simultaneously 
shorted 
asthe 
maximum 


junction 
temperature 
will 
be exceeded. 


2. 
T'1c 
mexlmum 
power 
dissipation 
for 
these 
deVices 
must 
be 
derated 
at 
elevated 
temperatures 
and 
IS dictated 
by T~max., 
8JA. 
and 
the 
ambient 


teTperature. 
T A 
The 
maxImum 
available 
power 
dISSIpatIOn 
at any 
temperature 
IS Pd = (TJmax. 
- 
TA)/8JA 
or the 
25 
C Pdmax 
.. whichever 
is less, 


Derate 
Dual 
In~Llne 
package 
at 9mWtC 
for 
operation 
at ambient 
temperatures 
above 
9SoC 


3 
T1ese 
specificatIons 
apply 
for 
Vs 
= ±15V 
and 
over 
the 
absolute 
maximum 
operating 
temperature 
range 
(T L ~ 
T A 
,e;;;; TH) 
unless 
otherWise 
noted. 


4. 
For 
supply 
voltages 
less than 
±15V, 
the 
maximum 
Input 
voltage 
IS equal 
to the 
supply 
voltage. 


LF155/LF156/LF157 


DISTINC1'VE 
CHARACTERISTICS 


• 
Replac~ expensive 
hybrid and module 
FET op amps 
• 
Rugged! JFETs 
allow blow-out 
free handling compared 
with 
I 
MOSFET input devices 
• 
Excellert 
for low noise applications 
using either high or low 


source Impedance 
- very low 1If corner 
• 
Offset adjust does not degrade drift or common-mode 
rejec- 
tion as in most monolithic 
amplifiers 
• 
New 
output 
stage 
allows 
use 
of 
large 
capacitive 
loads 


(10,000pF) 
without 
stability 
problems 
• 
Internal 
compensation 
and large differential 
input voltage 


capabirty 


COMMON FEATURES 


(LF155A, 
LF156A, 
LF157A) 


Low inp t bias current 
30pA 
Low input offset current 
3.0pA 
High input impedance 
1012,Q 


Low input offset voltage 
1.0mV 
Low input offset voltage temperature 
drift 
3.0J1VfC 
Low inpiJt noise current 
O.OlpA/JHZ 
High corpmon-mode 
rejection 
ratio 
100dB 
Large do voltage gain 
106dB 


UNCOMMON FEATURES 


LF157A 


LF155A 
LF156A 
(AV = 5) 


Extremely 
fast settl ing 
4.0 
1.5 
1.5 
J1S 
time to 0.01% 


Fast slew 
rate 
5.0 
12 
50 
V/J1s 


Wide gair 
2.5 
5.0 
20 
MHz 
bandwidth 


Low inpUt 
20 
12 
12 
nV/.JHZ 
noise voltage 


CONNECTION 
DIAGRAMS 


Top Views 


These 
are the first monolithic 
JFET 
input 
operational 
ampli- 


fiers to incorporate 
well matched, 
high voltage JFETs 
on the 


same chip with standard 
bipolar transistors. 
These amplifiers 


feature 
low input 
bias and offset 
currents, 
low offset 
voltage 


and offset 
voltage drift, coupled with offset adjust which does 


not degrade 
drift or common-mode 
rejection. 
The devices are 


also designed 
for high slew rate, wide bandwidth, 
extremely 


fast 
settling 
time, 
low voltage 
and current 
noise 
and a low 


1If noise corner. 


The LF155, 
LF156, 
LF157 series are direct 
replacements 
for 


National 
LF155, 
LF156, 
LF157 series. 


• 
Precision high speed integrators 


• 
Fast D/A and AID converters 


• 
High impedance 
buffers 


• 
Wideband, 
low noise, low drift amplifiers 


• 
Logarithmic 
amplifiers 


• 
Photocell 
ampl ifiers 


• 
Sample and Hold circuits 


Part 
Number 


LF255 


LF155 


LF256 


LF156 


LF257 


LF157 


ORDERING 
INFORMATION 


Package 
Temperature 
Order 


Type 
Range 
Number 


Metal Can 
O°C to +70°C 
LF355H 
Molded DIP 
O°C to +70°C 
LF355N 


Dice 
O°C to +70°C 
LD355 
Metal Can 
-25°C 
to +85°C 
LF255H m 


Metal Can 
_55°C 
to +125°C 
LF155H 
Dice 
_55°C 
to +125°C 
LD155 


Metal Can 
O°C to +70°C 
LF355AH 


Dice 
O°C to +70°C 
LD355A 


Metal Can 
-55°C 
to +125°C 
LF155AH 
Dice 
_55°C 
to +125°C 
LD155A 


Metal Can 
O°C to +70°C 
LF356H 
Molded DIP 
O°C to +70°C 
LF356N 


Dice 
O°C to +70°C 
LD356 


Metal Can 
-25°C 
to +85°C 
LF256H 
Metal Can 
_55°C 
to +125°C 
LF156H 


Dice 
-55°C 
to +125°C 
LD156 
Metal Can 
O°C to +70°C 
LF356AH 


Dice 
O°C to +70°C 
LD356A 
Metal Can 
-55°C 
to +125°C 
LF156AH 


Dice 
-55°C 
to +125°C 
LD156A 


Metal Can 
O°C to +70°C 
LF357H 


Molded DIP 
O°C to +70°C 
LF357N 


Dice 
O°C to +70°C 
LD357 
Metal Can 
-25°C 
to +85°C 
LF257H 
Metal Can 
_55°C 
to +125°C 
LF157H 


Dice 
_55°C 
to +125°C 
LD157 


Metal Can 
OOCto +70°C 
LF357AH 


Dice 
O°C to +70°C 
LD357A 
Metal Can 
_55°C 
to +125°C 
LF157AH 
Dice 
-55°C 
to +125°C 
LD157A 


LF15~/LF156/LF157 


Supply 
Vol tag 


Power 
Dissipat 
on (Note 
1) TO-99 
(H Package) 


Operating 
Temperature 
Range 


TJ(Max.) 


Differential 
In, ut Voltage 


Input 
Voltage 
ange (Note 
2) 


Output 
Short 
I ircuit 
Duration 


Storage 
Temperature 
Range 


Lead Tempera 
,ure (Soldering, 
10 seconds) 


LF155A/6A/7A 


±22V 


670mW 


_55°C 
to +125°C 


150°C 


±40V 


±20V 


Continous 


-65°C 
to +150°C 


300°C 


LF155/6/7 


±22V 


670mW 


_55°C 
to +125°C 


150°C 


±40V 


±20V 


Continuous 


-65°C 
to +150°C 


300°C 


LF255/6/7 


±22V 


570mW 


-25°C 
to +85°C 


115°C 


±40V 


±20V 


LF355A/6A/7A 


LF355/6/7 


±18V 


500mW 


O°C to +70°C 


100°C 


±30V 


±16V 


Continuous 


-65°C 
to +150°C 


300°C 


Continuous 


-65°C 
to +150°C 


300°C 


DC CHARAC 
ERISTICS 


LF155A/6A/7A 
LF355A/6A/7A 


Parameters 
Description 
Test Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 


RS = 50n, TA - 25°C 
1.0 
2.0 
1.0 
2.0 
mV 
VOS 
Input 
Offset 
Voltage 


Over 
Temperature 
2.5 
2.3 
mV 


6VOSII'>T 
Average TC of Input Offset 
Voltage 
RS = 50n 
3.0 
5.0 
3.0 
5.0 
Ilvfc 


6TC/6VOS 
Change 
in Average 
TC with 
Vas Adjust 
RS = 50n, 
(Note 4) 
0.5 
0.5 
Ilvfc 
per mV 


TJ = 25°C, (Note 3, 5) 
3.0 
10 
3.0 
10 
pA 
10S 
Input 
Offset 
Current 


TJ <;; THIGH 
10 
1.0 
nA 


TJ = 25°C. (Notes 3,5) 
30 
50 
30 
50 
pA 
IB 
Input 
Bias Current 
5.0 
nA 
TJ<THIGH 
25 


RIN 
Input 
Resistance 
TJ = 25°C 
10'2 
10'2 
n 


Vs = ±15V, TA = 25°C 
50 
200 
50 
200 
Vim V 


AVOL 
Large Signal 
Voltage 
Gain 
Vo = ±10V, RL = 2kn 
V/mV 
25 
25 
Over 
Temperature 


Vo 
Output 
Voltage 
Swing 
Vs = ±15V. RL = lOkn 
±12 
±13 
±12 
±13 
Volts 


Vs - ±15V, RL - 2kn 
±10 
±12 
±10 
±12 
Volts 


VCM 
Input 
Common-Mode 
Voltage 
Range 
Vs = ±15V 
+15.1 
+15.1 
±11 
±11 
Volts 
-12 
-12 
CMRR 
Common-Mode 
Rejection 
Ratio 
85 
100 
85 
100 
dB 


PSRR 
Supply 
Voltage 
Rejection 
Ratio 
(Note 61 
85 
100 
85 
100 
dB 


ELECTRIC1L 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


AC CHARAC 
ERISTICS 
(T A = 25°C. 
VS = ±15V) 


LF155A/355A 
LF156A/356A 


Parameters 
Description 
Test Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


LF157A/357A 


Min. 
Typ. 
Max. 


SR 
Slew 
Rate 
LF155A/6A: 
AV = 1 
3.0 
5.0 
10 
12 
Vilis 


LF157A: 
AV 
= 5 
40 
50 
Vilis 


GBW 
Gain-Bandwidth 


Product 
2.5 
4.0 
4.5 
15 
20 
MHz 


ts 
Settling 
Time 
to 0.01% 
(Note 7) 
4.0 
1.5 
1.5 
liS 


Equivalent 
Input 
Noise 


RS - 100n 


en 
Voltage 
f= 
100Hz 
25 
15 
15 
nV/,[Hz 


f = 1000Hz 
20 
12 
12 


in 
Equivalent 
Input 
Noise 
f - 100Hz 
0.01 
0.01 
0.01 
Current 
f = 1000Hz 
0.01 
0.01 
0.01 
pA/,[Hz 


GIN 
Input 
Capacitance 
3.0 
3.0 
3.0 
pF 


6-45 


LF155/LF156/LF157 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


DC CHARACTERISTICS 
(Note 3) 


paramelers 
Description 


LF155/6/7 
Min. 
Typ. 
Max. 


LF25576/7 
Min. 
Typ. 
Max. 


LF355/6/7 
Min. 
Typ. 
Max. 


RS = 50n, 
TA = 25°e 
3.0 
5.0 
3.0 
5.0 
3.0 
10 
mV 
VOS 
Input 
Offset 
Voltage 
Over Temperature 
7.0 
6.5 
13 
mV 
, 


IIVOS{IIT 
Average TC of Input 
RS = 50n 
5.0 
5.0 
5.0 
/lVre 
Offset 
Voltage 


IITe/ll~OS 
Change in Average TC 
RS = 50n, 
(Note 41 
0.5 
0.5 
0.5 
/lVre 


with 
VOS Adjust 
permV 


TJ = 25°e, 
(Notes 3,5) 
3.0 
20 
3.0 
20 
3.0 
50 
pA 
10S 
Input Offset Current 


TJ';;; THIGH 
20 
1.0 
2.0 
nA 


TJ - 25°e, 
(Notes 3, 51 
30 
100 
30 
100 
30 
200 
pA 
IB 
Input Bias Current 


TJ <; THIGH 
50 
5.0 
8.0 
nA 


RIN 
Input 
Resistance 
TJ=25°e 
1012 
1012 
1012 
n 


Vs - ±15V, 
TA - 25°e 
50 
200 
50 
200 
25 
200 


AVOL 
Large Signal Voltage Gain 
Vo 
= ±10V, 
RL - 2kn 
V/mV 
25 
25 
15 
Over Temperature 


VS= 
±15V, 
RL = 10kn 
±12 
±13 
±12 
±13 
±12 
±13 
Vo 
Output 
Voltage Swing 
Volts 


Vs - ±15V, 
RL - 2kn 
±10 
±12 
±10 
±12 
±10 
±12 


Input 
Common-Mode 
+15.1 
+15.1 
+15.1 
VeM 
VS=±15V 
±11 
±11 
Volts 
Voltage 
Range 
-12 
-12 
-12 


eMRR 
Common-Mode 
Rejection 
85 
100 
85 
100 
80 
100 
dB 
Ratio 


PSRR 
Supply 
Voltage 
Rejection 
(Note 6) 
85 
100 
85 
100 
80 
100 
dB 
Ratio 


ACTERISTICS 
(TA; 
25°C, Vs; 
±15V) 


LF155A/355A 
LF155/255 
Typ. 
Max. 


2.0 


Parameters 


SuPPI/ Current 


I 
Parameters 


LF155/255/ 


LF355 
Typ. 


LF156/256/ 
LF356 
Typ. 


LF157/257 
LF357 


Typ. 


LF155/6: 
AV - 1, 
5.0 
7.5 
12 
V//ls 


SR 
Slew Rate 
LF157: 
AV = 5 
30 
50 
V//ls 


GBW I 


Gain-Bandwidth 
2.5 
5.0 
20 
MHz 
Product 


's 
Settling 
Time 10 0.01 % 
(Note 71 
4.0 
1.5 
1.5 
/lS 


Equivalent 
Input 
Noise 


RS - tOOn 


on 
Voltage 
I = 100Hz 
25 
15 
15 
nV/JHz 


I - 1000Hz 
20 
12 
12 


Equivalent 
Input 
I = 100Hz 
0.01 
0.01 
0.01 
pA/JHz 
in 
Noise Current 
I - 1000Hz 
0.01 
0.01 
0.01 


GIN 
Input Capacitance 
3.0 
3.0 
3.0 
pF 


Notes: 1. T 
e TO-99 
package 
must 
be 
derated 
based 
on 
a thermal 
resistance 
of 
150°C/W 
junction 
to 
ambient 
or 
4SoC/W 
junction 
to 
case; for 
the 
DIP 


° 
package, 
the 
deVice must 
be derated 
based on thermal 
resistance 
of 
175 
C/W Junction 
to ambient. 


2. 
Uhless otherwise 
specified 
the 
absolute 
maximum 
negative 
input 
voltage 
is equal 
to the 
negative 
power 
supply 
voltage. 


3. 
T~ese 
specifications 
apply 
for 
±15V 
" 
Vs 
"" ±20V, 
_55°C 
<; T A'" 
+12SoC 
and THIGH 
= +125°C 
unless otherwise 
stated 
for 
the 
LF155A/6AI7A 


and 
the 
LF155/6/7. 
For 
the 
LF2S5/6/7, 
these 
specifications 
apply 
for 
±15V 
:II; 
Vs 
~ 
±20V, 
_25°C 
~ T A 
~ 
+85°C 
and THIGH 
= 85°C 
unless 


0ferwise 
stated. 
For 
the 
LF355A/6AI7A, 
these 
specifications 
apply 
for 
±15V 
~ Vs 
~ ±20V, 
O..•C " 
T A .< +70"'C 
and THIGH 
= +70uC, 
and for 


the 
LF355/617 
these specifications 
apply 
for 
Vs 
= ±15V 
and O°C " 
T A 
'" +70oc. 
Vas, 
1Band 
10S are measured 
at VCM 
= O. 


4. 
Ttie 
Temperature 
Coetticient 
of 
the 
adjusted 
input 
offset 
voltage 
changes 
only 
a small 
amount 
(0.5,uV/oC) 
typically) 
for 
each mV 
of adjustment 


from 
its original 
unadjusted 
value. 
Common-mode 
rejection 
and open 
loop 
voltage 
gain are also unaffected 
by offset 
adjustment. 


5. 
The 
input 
bias currents 
are junction 
leakage 
currents 
which 
approximately 
double 
for 
every 
10°C 
increase 
in the junction 
temperature 
Tj. 
Due to 


limited 
production 
test 
time, 
the 
input 
bias 
currents 
measured 
are correlated 
to 
junction 
temperature, 
In 
normal 
operation 
the 
junction 
temp- 


erature 
~ises above 
the 
ambient 
temperature 
as a result 
of 
internal 
power 
dissipation, 
Pd-. Tj = T A 
+ 0jAPd 
where 
0jA 
is the 
thermal 
resistance 


from 
junction 
to 
ambient. 
Use of a heat sink 
is recommended 
if input 
bias current 
is to be kept 
to a minimum. 


6. 
SU 
ply 
Voltage 
Rejection 
is measured 
for 
both 
supply 
magnitudes 
increasing 
or decreasing 
simultaneously, 
in accordance 
with 
common 
practice. 


7. 
Se tling 
time 
is defined 
here, 
for 
a unity 
gain 
inverter 
connection 
using 
2 kn 
resistors 
for 
the 
LF155/6. 
It is the time 
required 
for 
the 
error 
vol- 


ta 
e (the 
voltage 
at the 
inverting 
input 
pin 
on 
the 
amplifie'r) 
to 
settle 
to 
within 
0.01% 
of 
its final 
value 
from 
the 
time 
a 10V 
step 
input 
is applied 


to 'the 
inverter. 
For 
the 
LF 157, 
AV 
= -5, 
the 
feedback 
resistor 
from 
output 
to 
input 
is 2kn 
and the 
output 
step 
is 10V 
(See Settling 
Time 
Test 
Circuit, 
page 9>' 
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PHASE 


These JFETs have large reverse breakdown 
voltages from gate 
to source and drain eliminating 
the need for clamps across the 
inputs. 
Therefore 
large differential 
input 
voltages can easily 
be abcomodated 
without 
a large increase in input 
current. 
The 
maximum 
differential 
input 
voltage 
is independent 
of 
the 
supply voltages. 
However, neither of the input voltages should 


be Jllowed 
to exceed the 
negative supply 
as this will 
cause 
large currents 
to 
flow 
which 
can result 
in a destroyed 
unit. 


Exceeding 
the 
negative common-mode 
limit 
on either 
input 


will 
cause a reversal of the phase to the output 
and force the 
amplifier 
output 
to the corresponding 
high or low state. 
Ex- 


ceeding the negative common-mode 
limit 
on both 
inputs will 


force 
the 
amplifier 
output 
to a high state. 
In neither 
case 
does a latch 
occur 
since raising 
the 
input 
back within 
the 
common-mode 
range again puts the input 
stage and thus the 
amplifier 
in a normal 
operating 
mode. 


Exc eding the 
positive 
common-mode 
limit 
on a single input 


will 
not 
change the 
phase of 
the 
output 
however, 
if 
both 


inputs 
exceed the 
limit, 
the 
output 
of the amplifier 
will 
be 
forced 
to a high state. 


Thesle amplifiers 
will 
operate 
with 
the common-mode 
input 


volt1ge equal to the 
positive 
supply. 
In fact, 
the 
common- 


mode voltage can exceed the positive supply by approximately 
100 mV independent 
of supply voltage and over the full oper- 


ating temperature 
range_ The positive supply can therefore 
be 
used as a reference 
on an input 
as, for example, 
in a supply 
currint 
monitor 
and/or 
limiter. 
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for the integrated 
circuit 
never becomes reversed in polarity 
or 
that 
the 
unit 
is not 
inadvertently 
installed 
backwards 
in a 
socket as an unlimited 
current surge through 
the resulting for- 
ward 
diode 
within 
the 
IC could 
cause fusing 
of the internal 
conductors 
and result 
in a destroyed 
unit. 


Because these amplifiers 
are JFET rather than MOSFET 
input 
op amps they do not require special handling. 


All 
of the bias currents 
in these amplifiers 
are set by FET cur- 
rent 
sources. 
The drain currents 
for the amplifiers 
are there- 
fore essentially 
independent 
of supply 
voltage. 


As with 
most amplifiers, 
care should be taken with 
lead dress, 
component 
placement 
and supply 
decoupling 
in order to en- 
sure stability. 
For example, 
resistors from 
the output 
to an 


input 
should 
be placed with 
the 
body 
close to 
the input 
to 
minimize 
"pickup" 
and maximize 
the frequency 
of the feed- 


back pole by minimizing 
the capacitance 
from 
the input 
to 
ground. 


A 
feedback 
pole 
is created 
when the feedback 
around 
any 
amplifier 
is resistive. 
The parallel 
resistance and capacitance. 


from 
the input 
of the device (usually 
the inverting 
input) 
to 
ac ground 
set the frequency 
of the pole. 
In many instances 


the frequency 
of this pole is much greater than the expected 
3 dB frequency 
of 
the 
closed 
loop 
gain and 
consequently 


there is negligible 
effect 
on stability 
margin. 
However, 
if the 


feedback 
pole 
is less than 
approximately 
six 
times 
the ex- 


pected 3 dB frequency 
a lead capacitor should be placed from 


the 
output 
to 
the 
input 
of the op amp. 
The value of the 
added capacitor 
should 
be such that the 
RC time 
constant 
of 


this 
capacitor 
and the resistance it parallels is greater than or 
equal to the original 
feedback 
pole time 
constant. 


+2.0V -r 


-2.0V --! 


+10V-r 


ov -.J 


5.0kn, 0.1" 


·1.0kO,O.1'JE, 


PHANTOM~ 
SUMMING 
NODE 


TO CAD 
(USE LOW 
CAPACITANCE 
PROBE) 


Vos 
is adjusted 
with 
a 25 k 
potentiometer. 
The 
potentiometer 
wiper 
is 
connected 
to V+ 


Due 
to 
a unique 
output 
stage 
design 
these 
amplifiers 


have 
the 
ability 
to 
drive 
large 
capacitive 
loads 
and 
still 


maintain 
stability_ 
CL 
Max. 
~ 
0.01 
jJ.F 


Overshoot 
,s;;;20% 


Settling 
time 
(t5) 
;;;, 5.0ps 


Settling time is tested with the LF155/1 56 connected 
as 
unity 
gain 
converter 
and 
LF 157 
connected 
for 
AV 
"" -5.0 
Output = 1OV step 
'AV 
= -5.0 
for LF157 


For distortion'" 
1% 
and a 20Vp-p 
VOUT 


swing, power band· 
width 
is: 500kHz. 
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+10V 
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Am 216/316-Am216A/316A 


Compensated, High-Performance 
Operational Amplifier 


Disti nctive Oharacteristics 


• 
The Am216/Am216A/Am316/Am316A 
are function- 
ally, 
electrically, 
and 
pin-for-pin 
equivalent 
to 
the 
National 
LM216/LM216A/LM316/LM316A. 


• 
Low input 
bias currents: 
50 pA 


• 
Low input 
offset 
currents: 
15pA 


• 
Low power consumption: 
3mW 
• 
Internal 
frequency 
compensation 


• 
Offset 
nulling 
provisions 


I 
FUNCTIONAL 
DESCRIPTION 


The 
Am216/Am216A/Am316/Am316A 
are 
compensated 
high performance 
operational 
amplifiers 
featuring 
extreme- 


ly low in~ut-current 
errors. 
High input impedance 
achieved 


using 
sUgergain 
transistors 
in a 
Darlington 
input 
stage 
produces 
input 
bias currents 
that are equal to high quality 


FET 
amplifiers. 
These 
devices 
are 
internally 
frequency 
compensated 
and 
provision 
is made for offset 
adjustment 


with a single potentiometer. 


• 
100% reliability 
assurance testing 
in compliance 
with 


MI L-STD-883. 


• 
Electrically 
and 
optically 
inspected 
dice 
for 
assem- 


blers of hybrid 
products. 


• 
Available 
in metal can, hermetic 
dual-in-line 
and flat 
packages. 


TYPICAL APPLICATIONS 
Connection 
of Input Guards and Offset Null 


Inverting Amplifier 


• Use to compensate 
for large source 
resistances. 


L1C-726 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


DIP 
O°C to +70°C 
LM316D 


Am316 
Metal 
Can 
O°C to +70°C 
LM316H 
Flat Pak 
O°C to +70°C 
LM316F 


Dice 
O°C to +70°C 
LD316 


DIP 
O°C to +70°C 
LM316AD 


Am361A 
Metal Can 
O°C to +70°C 
LM316AH 


Flat Pak 
O°C to +70°C 
LM316AF 


Dice 
O°C to +70°C 
LD316A 


DIP 
-25°C 
to +85°C 
LM216D 


Am216 
Metal 
Can 
-2SoC 
to +85°C 
LM216H 
Flat 
Pak 
_25°C 
to +8SoC 
LM216F 


Dice 
_25°C 
to +8SoC 
LD216 


DIP 
_25°C 
to +8SoC 
LM216AD 


Am216A 
Metal Can 
-2SoC 
t6 +8SoC 
LM216AH 
Flat 
Pak 
-25 


QC 
to +85°C 
LM216AF 
Dice 
-2SoC 
to +85°C 
LD216A 


Overcompensation 
for Greater 


Stability 
Margin 


CONNECTION 
DIAGRAMS 


Top Views 


GUARD 


INVERTING 
INPUT 


NONINVE~~~~~ 


GUARD 


v· 


GUARD 


INVE~J~~~ 


NON INVERTING 


INPUT 


GUARD 


Notes: 
(1) 
On Metal 
Can, pin 
4 


is connected 
to case. 
(2) 
On DIP, 
pin 
7 is connected 
to 
bottom 
of package. 


(3) 
On 
Flat 
Package, 
pin 
6 is 


connected 
to 
bottom 
of 
package. 


Compensation 
terminal 
is not 


brought 
out 
on the 
flat 
package. 


Am216/316· 
Am216A/316A 


MAXIMUM 
RATINGS 


Supply Voltage 


Power Dissipation 
(Note 1) 


Differential 
Input Current 
(Note 2) 


Input Voltage 
(Note 3) 


OutputlShort.Circuit 
Duration 


Operati'ng Temperature 
Range 


~m216/Am216A 


~m316/Am316A 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


±20V 


500mW 


±10mA 


±15V 


Indefinite 


-25°C 
to 85°C 


O°C to 70°C 


-65°C 
to 150°C 


300°C 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C unless otherwise 
specified) 
(Note 4) 


Parameter 
(see definitions) 


Inpu 
Offset 
Voltage 
10 
3 
10 
3 
mV 


Inpu 
Offset 
Current 
50 
15 
50 
15 
pA 


Inpu 
Bias Current 
150 
50 
150 
50 
pA 


Input 
Resistance 
1 
5 
1 
5 
Gn 


Supply 
Current 
0.8 
0.6 
0.8 
0.6 
mA 


Large Signal 
Voltage 
Gain 
Vs ~ ±15V. 
VOUT 
~ ±10V 
20 
40 
20 
40 
V/mV 
RL<>10kn 
I 
I 
I 


The Following 
Specifications 
Apply 
Over The Operating 
Temperature 
Ranges 


Input 
Offset 
Voltage 
15 
6 
15 
6 
mV 


Input 
Offset 
Current 
100 
30 
100 
30 
pA 


Input 
Bias Current 
250 
100 
250 
100 
pA 


Supp y Current 
TA 
~ TMAX. 
0.5 
0.5 
mA 


Large 


l 


Signal Voltage 
Gain 


Vs ~ ±15V, 
VOUT 
~ ±10V 
10 
20 
15 
30 
Vim V 
RL <>10kn 


Output 
Voltage 
Swing 
Vs ~ ±15V, 
RL ~ 10kn 
±13 
±13 
±13 
±13 
V 


Input 
Voltage 
Range 
Vs ~ ±15V 
±13 
±13 
±13 
±13 
V 


Common 
Mode Rejection 
Ratio 
80 
80 
80 
80 
dB 


Supply 
VOltage Rejection 
Ratio 
80 
80 
80 
80 
dB 


Notes: 
1. 
Derate 
Metal Can package 
at 6.8 
mWfC 
for 
operation 
at ambient 
temperatures 
above 7SoC and the DuaHn~Line 
package at 9 mWfC 
for opera- 


tion 
at ambient 
temperatures 
above 
9SoC. 
and 
the 
Flat 
Package 
at 5.4 mwtC 
for 
operation 
at ambient 
temperatures 
above 
57°C. 
2. 
The 
inputs 
are 
shunted 
with 
back-to-back 
diodes 
for 
overvoltage 
protection. 
Therefore, 
excessive 
current 
will 
flow 
if a differential 
input 
voltage 


in excess 
of 
1 V 
is applied 
between 
the 
inputs 
unless 
some 
limiting 
resistance 
is used. 


1- 
For 
supply 
voltages 
less than 
±15 
V, 
the 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 
4. 
Unless 
otherwise 
specified, 
these 
specifications 
apply 
for 
supply 
voltages 
from 
±5 
V to 
±20 
V. 


TYPICAL 
PERFORMANCE 
CHARACTERISTICS 


,j 
Input 
Currents 
> 
Offset 
Error 
Input 
Current 


E 


I 
100 
100 


TA"25'C 
59'\. 


w 
T~ 
2SoC 


I 
'" 
80 


'! 
50 
" 
I 
~ 
I 
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60 
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MAX'MUMAm21~All~3"~A 
ii' 
-40 
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I II 
I 
" 
-80 
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> 
Lo 
:; 
1.0 
-100 
-10 
10 
30 
50 
70 
90 
8 
1M 
10M 
100M 
lOOOM 
-0.3 
~O.2 -0.1 
0 
0.1 
0.2 
0.3 


TEMPERATURE 
_ "C 
INPUT 
RESISTANCE 
- 
51 
DIFFERENTIAL 
INPUT VOLTAGE 
- 
v 


Closed 
Loop 


I 


Input 
Noise 
Voltage 
Power 
Supply 
Rejection 
Output 
Impedance 


10,001 
m 


120 
:::Lj:'t-~" 
" 


VS=±15V 


100 
TA" 
25"C 
'" 
" 


c; 


~ 
II! 
1111 
~ 


80 "'- 


AV'" 
1 
, 
" 
AV'" 
1000- 
TA = 25°C 


I 
w 


~ 
Ii 
I'i 
z 
...•. 
~GATIVE 
SUPPLY 
u 
lOUT 
= 11 mA 


~ 
0 


"'- 


Z 
101 
" 


I 
" 
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60 
~ 
,/ 


~ 
1,000 
'",- " 


a 
AS-l0M~ 
40 
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SUPPL ~ 
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~ 1()O 
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/AV" 
>- 
~ 
~ 
ii' 
AS ~r 


20 
"- "- 


'I 
::::> 10-1 
;;; 
, 
. 
I 
~ 
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/ 


I 
II 
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III 
10-2 
101 
-20 
10 
100 
1k 
10k 
lOOk 
1M 
10M 
10 
100 
1k 
10k 
lOOk 
10 
100 
1k 
10k 
lOOk 
1M 


FREQUENCY 
~ Hz 
FREQUENCY 
- 
Hz 
FREQUENCY 
- 
Hz 


Voltage 
Gain 
Output 
Swing 
Supply 
Current 


120 
15_ 
500 
Vs 
±15V 
f = 
1 Hz 


'" 
115 
I 
I 
, 
'1 
400 
~ 
:;; 
I 
TA- 
25"C 
I 


I 
I 
10 
>- 
/' 
TA 
= 2S"C 
z 
110 
TA- 
2S"C 
f--- 
'" 
TA-85°C~ 
~ 


300 
<i 
z 
~J-::f-"I 
I 
'" 
~ 
<r 
w 
TA=25"C 
TA = 25"C- 
B 
'" 
>- 
TA-85°C- 
" 


105 
200 
- 
~ 
ii' 
5 
~ 


I-""" 
TA =BS0C 
>- 
0 
=> 
TA 
25°C 
> 
0 
~ 
100 
100 


95 
0 
0 
5 
10 
15 
20 
0 
2 
4 
6 
8 
5 
10 
15 
20 
SUPPL Y VOLTAGE 
- 
tV 
OUTPUT 
CURRENT 
- 
:!:mA 
SUPPLY 
VOLTAGE 
- 
±V 


Open 
Loop 
Large 
Signal 
Voltage 
Follower 


Frequency 
Response 
Frequency 
Response 
Pulse 
Response 


120 
16:::r nt 


~ 


10 
I 
8 


Vs 
= ±15V 
100 
...•. 
180 
VS=±15V 
I 


TA" 
2S"C 


> 
6 
- .k- 
'" 
80 
> 
12 
- 
~ 
Cs - l000P'r 
, 
4 
I 
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j' 
z 
60 
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~ 
41 
90 
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~ 
J> 
>- 
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Cl 
'" 
-2 
~ 
20 
...•. 
I 
~ 
- 
r- 
" 
0 
45 
=> 
~ 
-4 
> 
0 
GAIN 


4- iI+ 


0 
...•.... 
0 
> 
PHASE 
..•.... 
-6 
-20 
0 
o± 
_ 
"- 
-8 


-40 
-10 
0.1 
I 
10 
100 
1k 
10k lOOk 
1M 
100 
1k 
10k 
lOOk 
0 
100 
200 
300 
400 


FREOUENCY-Hz 
FREOUENCY-Hz 
TIME - 
J.lS 


ltC-730 


A_I')-te.J')-te. 
_ A_I')-te.A 
J')-t~A 
Extra 
care must be taken 
in the assembly 
of printed 
circuit 
boards to take full advantage 
of the low input 
currents 
of the Am216 
amplifier. 
Boards must be thoroughly 
cleaned 
with TCE or alcohol 
and blown dry 
with 
compressed 
air. 
After cleaning, 
the boards should 
be coated 
with epoxy 
or sili"'cone rubber 
to prevent 
contamination. 
Even with properly 
cleaned and coated 
boards, leakage currents 
may cause trouble 
at 125°C, particularly 
since 
the input 
pins are adjacent 
to pins that are at supply 
potentials. 
This leakage can be significantly 
reduced 
by 
using guarding 
to lower the voltage difference 
between 
the inputs and adjacent 
metal runs. 
Input guarding of 
the a-lead TO-99 package 
is accomplished 
by using a 10-lead pin circle, with the leads of the device formed 
so 
that 
the 
holes 
adjacent 
to the 
inputs 
are empty 
when 
it is inserted 
in the 
board. 
The guard, 
which is a 
conductive 
ring surrounding 
the inputs, 
is connected 
to a low-impedance 
point that 
is at approximately 
the 
same voltage as the inputs. 
Leakag& currents 
from high-voltage 
pins are then absorbed 
by the guard. 


The pin configuration 
of the dual-in-line 
package 
is designed to facilitate 
guarding, 
since the pins adjacent 
to 
the inputs are not used (this is different 
from the standard 
741 and 101 A pin configuration.) 


COMPEN$A 
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Am715/715C 


Description: 
The Am715 and Am715C 
high-speed 
op- 


erational 
amplifiers 
are functionally, 
electrically, 
and 


pin-far-pin 
equivalent 
to 
the 
Fairchild 
/iA715 
and 


/iA715C. 
Both are available 
in the hermetic 
metal can, 
dual-in-line, 
and flat 
packages. 


FUNCTIONAL 
DESCRIPTION 


The Am 
is adifferential 
input, single-ended output operational 


amPlifie~1having 
wide 
bandwidth 
and high slew 
rate. It has 


internal 
lead compensation 
and four 
points for external 
lag 


compensation 
networks, 
providing 
many 
possible 
combina- 


tions 
of 
frequency 
compensation. 
In 
addition, 
a 
point 
is 


brought out for use with an external diode to prevent latch-up 
in voltage follower 
applications. 


Distinctive 
Characteristics: 
100% 
reliability 
assurance 


testing 
including 
high-temperature 
bake, 
temperature 


cycling, 
centrifuge 
and fine leak hermeticity 
testing 
in 


compliance 
with 
MIL-STD-883: 


Electrically 
tested 
and optically 
inspected 
dice for the 


assemblers 
of hybrid 
products. 


Package 
Type 


Metal Can 
DIP 


Dice 


Metal Can 


DIP 
Flat Pak 


Dice 


Temperature 
Range 


aOc to +7aoC 
aOc to +70°C 
aOc to +70°C 


-55°C 
to +125°C 


_55°C 
to +125°C 


-55°C 
to +125°C 


-55°C 
to +125°C 


715HC 
715DC 
715XC 


715HM 
715DM 
715FM 
715XM 


Voltage Follower 
Small-Signal 
Pulse Response 


250 


150 


> 
E, 
50 
•... 
ii' 
•... 
-50 
::J0 


-150 


-250 


~~, 
I 


- 
JL= 10kil 
,', 
, 
- 
:::~L =2kil 


CL = 30 pF 


TA'" 2SoC 


VS=±15V 


CONNECTION 
DIAGRAMS 


Top Views 


14 
COMP28 


13 
v· 


COMP2A 


OUTPUT 
,- 
"" 


NOTES: 


(1) 
On Metal 
Can, 


pin 5 is connected 
to case 


(2) On DIP. pinl0lS 
connected 


10 bottom 
of package 


(3) 
On Flat Package, 
pin 
is 


connected 
10 bottom 
01 package 


CASCOOE 


'N\lf ~~~~¥ 
V. 


NON 
INVERTING 
INPUT 


Am715/715C 


MAXIMUM 
RATINGS 


Supply 
Voltage 


Internal 
Power Dissipation 
(NOI. 1) 
I· 
.. 


Differential 
Input 
Voltage 


Input Vollage 
(Nol.2) 


I 


Operating 
Temperature 
Range 
Am715C 
Am715 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
60 sec.) 
-I 


±18V 


500 mW 


±6V 


±15V 


O°C to +70°C 
-55°C 
to +125°C 


-65°C 
to +150°C 


300°C 


(Vs = ±15 V, TA = 25°C unless otherwise specified) 


Am715C 
Conditions 
Min 
Typ 
Max 
Min 
Am715 
Typ 
Parameter 
(see definitions) 


Input Offset Voltage 
Rs < 10 kU 
2.0 
7.5 
2.0 
5.0 
mV 


Input Offset Current 
70 
250 
70 
250 
nA 


Input Bias Current 
0.4 
1.5 
0.4 
0.75 
~A 


Input Resistance 
1.0 
1.0 
MU 


Input Voltage 
Range 
±10 
±12 
±10 
±12 
V 


Common 
Mode Rejection 
Ratio 
Rs:<;; 10 kU 
74 
92 
74 
92 
dB 


Supply Voltage 
Rejection 
Ratio 
Rs:<;;10kU 
70 
400 
70 
300 
~V/V 


Large Signal Voltage 
Gain 
RL ~ 
2 kn, 
Vo,' 
= ±10 V 
10 
30 
15 
30 
V/mV 


Output V,oltage Swing 
RL> 
2 kU 
±10 
±13 
±10 
±13 
V 


Output 
~esistance 
75 
75 
U 


Supply Current 
5.5 
10 
5.5 
7.0 
mA 


Power Consumption 
165 
300 
165 
210 
mW 


Transient 
Response 
(Voltage 
Vo,' 
= ±200 
mV, 
Risetime 
Follower) 
RL = 2 kU, CL = 30 pF 
30 
75 
30 
60 
ns 
Overshoot 
30 
50 
30 
40 
% 


Av = 100 (Fig. 8) 
Vo,,=Oto+10V, 
65 
65 
V/~s 
Slew Raje 
Av = 10 (Fig. 7) 
RL = 2 kU, 
40 
40 
V/~s 
Av = 1 (Figs. 1 & 2) CL = 30 pF 
10 
20 
15 
20 
V/~s 


The Following 
Specifications 
Apply 
Over The Operating 
Temperature 
Ranges 


Input Offset Voltage 
Rs:<;;10kU 
10 
7.5 
mV 


Input Offset Current 
TA, = TA 
max 
250 
250 
nA 
TA = TA 
min 
750 
800 
nA 


Input Bias Current 
TA=TAmalt 
1.5 
0.75 
~A 


TA = TA min 
7.5 
4.0 
~A 


CommonlMode 
Rejection 
Ratio 
Rs < 10 kU 
74 
74 
dB 


Supply Voltage 
Rejection 
Ratio 
Rs:<;; 10 kU 
400 
300 
~V/V 


Large Signal Voltage 
Gain 
RL ~ 
2 kU, Vo,' 
= ±10V 
8.0 
10 
V/mV 


Output Voltage 
Swing 
RL> 
2 kU 
±10 
±10 
V 


Notes: 
1. 
Derate 
Metal 
Can package 
at 6.8 mWfC 
for 
operation 
at ambient 
temperatures 
above 7SoC and the Dual-In-Line 
package 
at 9 mwi C for 
opera- 


tion at ambient 
temperatures 
above 9SoC. the Flat Package at 5.4 mWf'C 
for operation 
at ambient 
temperatures 
above S7°e. 
2. 
For supply 
voltages 
less than 
±15 
V, the 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 


PERFORMANCE 
CURVES 


Vollage 
Follower 
X1 Inverling 
Amplifier 


II 


5 pF 


::s z: 01 
10 kfl 
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The high gain and large bandwidth of the Am715 make it mandatory to 
observe the following 
precautions in using the device, as is the case 
with any high frequency amplifier. Circuit 
layout should be arranged 
to keep all lead lengths as short as possible and the output separated 
from the inputs and frequency compensation pins. The values of the 
feedback and source impedances should be kept small to reduce the 
effect of stray capacitance of the inputs. The power supplies must be 
bypassed to ground 
at the supply 
leads of the amplifier 
with 
low 
inductance capacitors. Capacitive loading must be kept to an absolute 
minimum, since the amplifier cannot tolerate more than 30 pF directly 
at its output with full feedback. 
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The 
Am725 
and Am725C 
monolithic 
operational 
am- 


plifiers 
are 
functionally, 
electrically 
and 
pin-for-pin 


equivalent 
to 
the 
Fairchild 
725 
and 
725C. 
They 
are 


available 
in the 
hermetic 
metal 
can and DIP packages. 


The 
725!725C 
are 
instrumentation 
operational 
amplifiers. 
Device 
de~ign 
has 
been 
optimized 
to 
provide 
low 
noise 


voltage, 
low 
offset 
voltage, 
low 
offset 
voltage 
drift 
and high 


common 
rj,ode rejection. 
The 725 is offset 
voltage adjustable 


and is pin-for-pin 
compatible 
with the 108 and 101 A amplifiers. 


However, 
Jdditional 
frequency 
compensation 
components 
are 


required 
and 
should 
be 
determined 
by 
the 
desired 
closed 
loop gain. 


Distinctive 
Characteristics: 
100% 
reliability 
assurance 


testing 
including 
high-temperature 
bake, 
temperature 


cycling, 
centrifuge 
and fine 
leak hermeticity 
testing 
in 


compliance 
with MIL STD 883. 


Electrically 
tested 
and optically 
inspected 
dice for the 


assemblers 
of hybrid 
products. 
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pin 4 is connected to case. 
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~ 
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:;> 
-60 
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SOURCE 
RESISTANCE 
- n 
TEMPERATURE 
- "c 


Common Mode Rejection 
Ratio As A Function 01 
Temperature 


~ 
140 


Ia 
i= 
~ 
120 


Za 
~ 
100 
~ 


Common Mode Rejection 


Ratio As A Function 01 


Frequency 


o 
10 


l 


FREQ 
COMPENSATION 


~ 
I I 
AVCL:' 
1 
- 


Z 
103 
Vs 
±15V 
g 
T A'" 
25"C 


~ 
_ 
10' 


waa 
"z 
105 
a 
""au 


SSS72S·SSS741·SSS747 


The 
SSS 
series 
are 
high-performance 
operational 
amplifiers 
de- 


signed 
for 
systems 
demanding 
extremely 
high 
accuracy, 
Superior 
DC and 
AC 
characteristics 
of 
low 
input 
offset 
voltage, 
low 
input 


offset 
current, 
low 
input 
bias 
current 
and 
high 
large 
signal 
voltage 


gain 
provide 
performance 
comparable 
to 
discrete 
or hybrid 
mod- 


ules, 
The 
SSS 
series 
are 
functionally, 
electrically 
and 
pin-for-pin 


equivalent 
to the 
PM I SSS 
series, 


IN~~~~~NG 


NO 
I.INVERTING 
3 
~ 
INPUT 


• 
Superior DC and AC characteristics Vas, los, Ava, IB, 
CMRR, 
PSRR 


• 
100% reliability 
assurancetesting in compliance with 


MIL-STD-883 


CONNECTION 
DIAGRAMS 
SSS741 
Top 
View 


INVERTING 
INPUT 
A 


NON INVERTING 


OFfSET 
NULLA 
v- 


OFFSET 
NUllS 
NON INVERTING 
INPU,B 


INVERTING 
INPUTS 


Notes: 


(1) 
On Metal 
Can, 


pin 5 is connected 
to case. 
(2) 
On 
DIP, 
pin 
4 is connected 


to bottom 
of package. 


(3) 
On 
Flat 
Package, 
pin 
4 is 
connected 
to bottom 
of 


package. 


I,,"VERTI"G 


INPUT 
A, 


NON INVERTlf«c; 


INPUT .••. 


OFFSET 
NULLA 


V 
OFFSET r-Ull8 


NON 
INVERTING 
INPUTS 
INVERTING 
INPUTe 


Notes: 


(1) 
All 
leads through. 
No pins 
connected 
to case on 555725. 
(2) 
Pin 4 connected 
to case 
on 555741. 


OUTPUT 
A 
" 
OUTPUTS 
v', 


OFFSET 
NUllS 


FUNCTIONAL 
DIAGRAMS 


SSS741 


SSS725J 
SSS725BJ 
SSS725EJ 


SSS741J 
SSS741CJ 


SSS747K 
SSS747Y 
SSS747M 
SSS747CK 
SSS747CY 


Metal Can 
Metal Can 
Metal Can 


Metal Can 


Metal 
Can 


Metal 
Can 
Hermetic 
DIP 
Flat Pak 
Metal Can 


Hermetic 
DIP 


Temperature 


Range 


_55°C 
- +125°C 
-25°C 
- +85°C 
O°C _+70°C 


_55°C 
- +125°C 
O°C _+70°C 


_55°C 
- +1 25°C 


-55°C 
- +125°C 
-55°C 
- +125°C 


O°C _+70°C 
O°C _+70°C 


SSS725 
FREQUENCY 


Compensation 
Component 
Values 


AVCL 
R1 
c1 
R2 
C2 


(n) 
(nF) 
(n) 
(nF) 


1000 
470 
1.0 


100 
47 
10 


10 
27 
50 
270 
1.5 


1 
10 
50 
39 
20 


555725· 
555741·555747 


MAXIMUM 
RATINGS 
HIGH PERFORMANCE INSTRUMENTATION 
OP AMP 
SSS725 


Supply 
Voltag 
±22V 


Interna I Powe 
Dissipation 
(Note 1) 
500mW 
Metal Can ( 0-99) 


Differential 
In 
ut Voltage 
±5V 


Input Voltage 
Note 2) 
±22V 


Storage Temp 
rature Range 
_65°C 
to +150°C 


Operating Ten peratu re Range 


SSS725 
_55°C 
to +125°C 


SSS725B 
-25°C 
to +85°C 


SSS725E 
O°C to +70°C 


Lead Tempera 
ure (Soldering, 
60 sec.) 
300°C 


Output 
Short-yircuit 
Duration 


ELECTRIC~L 
CHARACTERISTICS 


(VS = ±15V, TA = 25°C Unless Otherwise 
Noted) 


Symbol 
Parameter 


SSS725/725E 
Min. 
Max. 


SSS725B 


Min. 
Max. 


Vos 
I 


Input Offset Voltage 
Rs •• 20kn 
0.5 
0.75 
mV 
(Without external trim) 


los 
I 
Input Offset Current 
5.0 
5.0 
nA 


IB 
Input 
Bias Current 
80 
80 
nA 


fo - 10Hz 
15.0 
15.0 
nV/.jHz 
en 
Input Noise Voltage (Note 3) 
fo~100Hz 
9.0 
9.0 
nV/.jHz 


fo ~ 1kHz 
7.5 
7.5 
nV/.jHz 


fo~10Hz 
1.2 
1.2 
pA/.jHz 
in 
Input Noise Current (Note 3) 
fo = 100Hz 
0.6 
0.6 
pA/.jHz 


fo~lkHz 
0.25 
0.25 
pA/.jHz 


Rin 
1 
Input 
Resistance 
0.7 
0.7 
Mn 


AyO 
LargeSignal Voltage Gain 
RL;> 
2kn 
1,000,000 
1,000,000 
Vo=±10V 


RL;> 
10kn 
±12.5 
±12.5 
V 
Vom 
Maximum 
Output 
Voltage 
Swing 
RL;> 
2kn 
±12.0 
±12.0 
V 


RL;> 
1kn 
±11.0 
±11.0 
V 
CMVR 
Input Voltage Range 
±13.5 
±13.5 
V 
CMRR 
Common 
Mode 
Rejection 
Ratio 
Rs" 
20kn 
120 
110 
dB 
PSRR 
Power Supply Rejection Ratio 
Rs" 
20kn 
5.0 
5.0 
IJ-V/V I 


Pd 
Power 
Consumption 
120 
120 
mW 
I 


RL;> 
500n 
AyO 
LargeSignal Voltage Gain 
Vo= ±0.5V 
100,000 
100,000 


Vs=±3V 


Pd 
Power 
Consumption 
Vs-±3V 
6 
6 
mW 


SSS725 
SSS725E 
SSS725B 
Symbol 
Parameter 
Condition 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


vas 
lpput 
Offset 
Voltage 
Rs" 20kn 
0.7 
0.6 
1.0 
mV 
(Withou"t external 
trim) 


Average 
Input 
Offset 
Voltage 
Drift 
Rs~ 50n 
2.0 
2.0 
2.8 
IJ-V/oC 
(Without 
external 
trim) 
(Note 4) 
(Note3) 
(Note 3) 


Jj\verage 
Input 
Offset 
Voltage 
Drift 
Rs~ 50n 
1.0 
0.6 
1.0 
IJ-vre 
(With externaltrim) (Note 4) 
(Note 3) 


los 
Input 
Offset 
Current 
TA MAX. 
4.0 
5.0 
5.0 
nA 


TA MIN. 
18.0 
7.0 
14.0 
nA 


Average 
Input 
Offset 
Current 
Drift 
90 
40 
90 
pAre 
(Note 3) 
(Note 3) 


Is 
Input 
Bias 
Current 
TA MAX. 
70 
80 
80 
nA 


TA MIN. 
180 
100 
150 
nA 
CMRR 
Common 
Mode Rejection 
Ratio 
Rs" 20kn 
110 
115 
106 
dB 
PSRR 
Power Supply 
Rejection 
Ratio 
Rs" 20kr1 
8.0 
7.0 
8.0 
IJ-VIV 


AyO 
Large Signal Voltage Gain 
Vo- ±10V;TA MAX. 
1,000,000 
1,000,000 
1,000,000 


RL;> 
2kn;TA 
MIN. 
500,000 
800,000 
500,000 
Vom 
¥aximum 
Output 
Voltage Swing 
RL;" 2kn 
±12.0 
±12.0 
±12.0 
V 


Derat+ at 6.8mW/oC 
for operation 
at ambient 
temperatures 
above 
75°C. 


For supply 
voltages 
less than 
±22 V, the absolute 
max imum 
input 
voltage 
is equal 
to the supply 
voltage. 
Parameter 
is not 
100% tested. 
90% of all units 
meet 
these specifications. 
:h~rnioel~ctric 
vOI.tages generated 
by 
dissimilar 
metals 
at 
the 
contacts 
to 
the 
input 
terminals 
can 
prevent 
the 
realization 
of the 
performance 
Indlcafed 
If both 
Sides of the contacts 
are not. kept at approx imately 
the same temperature. 
Therefore, 
the device ambient 
temperatu 
re shou Id not 
be altered 
without 
simultaneously 
changing 
the contact 
temperature. 


Notes 
1. 
2. 
3. 
4. 


888725·888741·888747 


MAXIMpM 
RATINGS 
HIGH-PERFORMANCE 
FREQUENCY 
COMPENSATED 
OP AMP 


Supply Voltage 
SSS741 
SSS741C 


Internal 
Power Dissipation 
(Note 1) 


Differential 
Inpm Voltage 


Voltage between 
Offset Nu IIand V- 


Input Voltage 
(Note 2) 


Output 
Short·Circuit 
Duration 
(Note 3) 


Operatinb 
Temperature 
Range 


sss741 
SSS741C 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
60 sec.) 


±22V 
±18V 


500mW 


±30V 


±0.5V 


±15V 


Indefinite 


-55°C 
to +125°C 
O°C to +70°C 


-65°C 
to +150°C 


300°C 


SSS741 
Min. 
Max. 
SSS741C 


Min. 
Max. 


Vos 
Input 
Offset 
Voltage 
Rs" 
50kn 
2.0 
5.0 
mV 


los 
I 
Input 
Offset Current 
5.0 
20 
nA 


Is 
I 
I nput 
Bias Current 
50 
100 
nA 


Rin 
Input Resistance 
2.0 
1.0 
Mn 


Avo 
Large-Signal 
Voltage 
Gain 


Vs = ±15V, 
RL;;' 
2kn 


100 
50 
V/mV 
Vout = ±10V 


Vs = ±15V, 
RL;;, 
10kn 
±12 
±12 
V 
Vom 
Output 
Voltage 
Swing 
RL;> 
2kn 
±10 
±10 
V 


CMVR 
1nput 
Voltage 
Range 
Vs = ±15V 
±12 
±12 
V 


Vs ~ ±20V 
±15 


CMRR 
Common 
Mode Rejection 
Ratio 
Rs" 
50kn 
80 
70 
dB 


PSRR! 
,Power Supply 
Rejection 
Ratio 
Rs" 
50kn 
100 
150 
j.lVIV 


Pd 
Power Consumption 
Vs"±15V 
85 
85 
mW 


The Following Specifications Apply Over the Operating Temperature Range 


Vos 
Input 
Offset 
Voltage 
Rs" 
50kn 
3.0 
6.0 
mV 


los 
I 
Input Offset Current 
10 
50 
nA 


Is 
I 
Input 
Bias Current 
100 
200 
nA 


Avo 
Large-Signal 
Voltage 
Gain 
Vs = ±15V, 
RL;;' 
2kn 


Vout = ±10V 
25 
25 
V/mV 


Vom 
Output 
Voltage 
Swing 


Vs = ±15V, 
RL;;' 
10kn 
±12 
±12 
V 


RL;> 
2kn 
±10 
±10 
V 


CMVR 
Input 
Voltage 
Range 
Vs = ±20V 
±15 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
Rs"50kn 
80 
70 
dB 


PSRR 
Power Supply Rejection Ratio 
Rs"50kn 
100 
150 
j.lVIV 


Notes 
1. 
Derate 
metal can package 
at 6.8mW/oC 
for operation 
at ambient 
temperatures 
above 
75°C. 


2. 
For 
supply 
voltages 
less than 
±1SV, 
the 
maximum 
input 
voltage 
is equal 
to the supply 
voltage. 


3. 
5hort 
circuit 
may 
be to ground 
or either 
supply. 
Rating 
applies 
to +12SoC 
case temperature 
9r +75°C 
ambient 
temperature. 


4. 
The 
555741 
specifications 
apply 
for 
±5V 
:t;;;;; Vs:fli; ±20V. 
The 
SS5741C 
specifications 
apply 
for 
Vs = ±1SV. 
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GUARANTEED 
PERFORMANCE 


Output 
Swing 
Voltage Gain 


20 
106 


:;: 
'" 
100 
15 
~ 


I 
I 


'" 
z 
94 
z 
;;' 
~ 
10 
'"w 
t- 
'" 
88 
i? 
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t- 
':; 
=> 
0 
0 
> 
82 


76 


10 
15 
20 
5 
10 
15 
20 


SUPPLY 
VOLTAGE 
- 
±V 
SUPPLY 
VOLTAGE 
- 
tV 
L1C·751 


6-66 


MAXIMUM 
RATINGS 


Supply ~oltage 
SSS74,7 
SSS747C 


Internal Power Dissipation (Note 1) 
DIP, Metal Can 
Flat Package 


~~tt::en~:~~::~~~~::~UII 
and V 


Input Voltage (Note 2) 


Output Short·Circuit 
Duration 
(Note 3) 


Operating Temperature 
Range 


SSS747 
SSS747C 


I 
Storage Temperature 
Range 


Lead Te~perature 
(Soldering, 60 sec.) 


555725·555741 
• 555747 


HIGH-PERFORMANCE 
DUAL FREQUENCY 
COMPENSATED 
OP AMP SSS747/747C 


±22V 


±18V 


800mW 


500mW 


±30V 


±0.5V 


±15V 


Indefinite 


-55°C 
to +125°C 
O°C to +70°C 


~65°C 
to +150°C 


300°C 


Vos 
Input Offset Voltage 
Rs S 50 kn 
2.0 
5.0 
mV 


los 
Input Offset Current 
5.0 
20 
nA 


IB 
Input 
Bias Current 
50 
100 
nA 


Rin 
I nput 
Resistance 
2.0 
1.0 
Mn 


Avo 
Large Signal Voltage Gain 
RL;> 
2kn, 
Vs = ±15V, 
100 
50 
V/mV 


Vout = ±10V 


I 


Output 
Voltage Swing 
Vs = ±15V, 
RL;> 
10kn 
±12 
±12 
V 
Yom 
RL;> 
2kn 
±10 
±10 
V 


CMVR 
I 
Input Voltage 
Range 
Vs=±15V 
±12 
V 


Vs = ±20V 
±15 
V 


CMRR 
Common 
Mode Rejection 
Ratio 
Rs'" 
50kn 
80 
70 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
Rs'" 
50kn 
100 
150 
)JVIV 
--- 


Pd 
I 
Power Dissipation 
Vs'" 
±15V 
85 
85 
mW 


CS 
I 
Channel 
Separation 
100 
dB 


The Following 
Specifications 
Apply 
Over The Operating Temperature 
Ranges 


Vos 
Input Offset Voltage 
Rs '" 50kn 
3.0 
6.0 
mV 


·os 
Input Offset Current 
10 
50 
nA 


IB 
Input Bias Current 
100 
150 
nA 


Avo 
Large Signal Voltage Gain 
Vs = ±15V, 
Vo = ±lOV, 
25 
25 
V/mV 


RL;> 
2kn 


Yom 
Output 
Voltage Swing 
Vs = ±15V, 
RL;> 
10kn 
±12 
±12 
V 


RL;> 
2kn 
±10 
±10 
V 
-- 
- 
- 


CMVR 
Input Voltage Range 
Vs = ±20V 
±15 
V 


CMRR 
Common 
Mode 
Rejection 
Ratio 
Rs'" 
50kn 
80 
70 


f-;~B 


PSRR 
Power Supply 
Rejection 
Ratio 
Rs'" 
50kn 
100 
150 
)JV/~ 


Notes 
1. 
Derate 
metal 
can 
package 
at 
6.8 
mW/oC 
for 
operation 
at ambient 
temperatures 
above 
30°C. 
the 
dual-in-tine 
package 
at 9mW/'C 
for 
operation 
at 
ambient 
temperatures 
above 
60°C. 
and 
the 
Flat 
package 
at 5.4mW/oC 
for 
operation 
at ambient 
temperatures 
above 
57°C. 


2. 
For 
supply 
voltages 
less than 
± 15V. 
the absolute 
max imum 
input 
voltage 
is equal 
to the 
supply 
vOltage. 
3. 
Short 
circuit 
may 
be ground 
or either 
supply. 
Rating 
applies 
to 
125°C 
case temperature 
or +60°C 
ambient 
temperature 
for 
each 
side. 


4. 
The 
SSS747 
specifications 
apply 
for 
±5V 
'" Vs '" 
±20V. 
unless otherwise 
noted. 
The 
SSS747C 
specifications 
apply 
for 
±5V 
'" Vs 
'" ± 15V. 
unless 


otherwise 
noted .. 


,-------, 
I 


SENSOR I 


THERjOCOUPLE 
l 


I 


REFERENCE I 


THERMOCOUPLE 
I 
IL 
_ 


Notes: 
(1) 
R, 
is adjusted so that the sum of R, 
and the thermocouple 


circuit 
resistance 
equals 
the 
correct 
value 
for 
R,. 


(2) 
See 
Frequency 
Compensation 
Circuit. 


R, + R2 


R, 
R2 
R, +-- 
+-- 


AVO 
Ava 


For ideal resistors and open loop gain greater 
than 
106, 
in a +1000 gain configuration, 
the 


gain error 
will 
be less than 
0.1 % and input 


impedance will 
be greater than 700Mn. 
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~ 
~ 
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C, 


.J82CPF1'lb 


fill 


'-1kHz 


Notch 
Filter 
Using 


the 747 as a Gyrator 


.RIM 
113 SUl.H 
"THAi 


R1_ 
R3 
R2 - 2R4 


Am741/741C/741A/741E 


Description: 


The A~741 SeriesFrequency Com~ensatedOperational 
Amplifiers are functionally, 
electrically, and pin-for-pin 


equivalent to the Fairchild 11741 series. The are avail- 
able in the hermetic metal can, flat package,and dual-in- 
line packagesaswell asplastic dual-in-line. 
The Am741A 
and Am741E are tested to the electrical 


characteristics of the current revision of MI L-M-38510/ 
10101. 


The Am741 
series are differential 
input, 
class AS output 


amplifiers 
intended 
for general purpose 
applications. 
They 
are ~rotected 
against faults at input and output, 
and require 
no external 
components 
for frequency 
compensation. 


Distinctive Characteristics: 
100% reliability assurancetesting including high-temper- 
ature bake, temperature cycling, centrifuge and fine leak 
hermeticity testing in compliance with MI L-STD-883. 


Electrically tested and optically 
inspected dice for the 


assemblersof hybrid prodlicts. 


'-1kHz 
2'.;:E7V 
illl 
fill 


'-1kHz 


RIN·400Mn 
C1N·'pF 
ROUT« 
1f2 


B.W.-l 
MHz 
dE1N 
EOLIT· 
-R2C,""""dt 


L1C-761 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 
Number 
Type 
Range 
Number 


Metal Can 
O°C to +70°C 
741HC 
Am741C 
Hermetic 
DIP 
O°C to +70°C 
741DC 
Dice 
O°C to +70°C 
741XC 


Metal Can 
-55°C 
to +125°C 
741HM 


Am741 
Hermetic 
DIP 
-55°C 
to +125°C 
741DM 
Flat Pack 
_55°C 
to +125°C 
741FM 
Dice 
-55°C 
to +125°C 
741XM 


Am741E 
Metal Can 
O°C to +70°C 
741EHC 
Hermetic 
DIP 
O°C to +70°C 
741 EDC 


Metal Can 
-55°C 
to +125°C 
741AHM 


Ai741A 
Hermetic 
DIP 
-55°C 
to +125°C 
741ADM 


Flat Pack 
-55°C 
to +125°C 
741AFM 


CONNECTION 
DIAGRAMS 


Top Views 


OffSET 
~Ull 
,;, 


INV(RTIN(;lNl'UT 
NONINVERTING 
5 


INPUT 


OHSll 
NUll 
A 


INVERTH'IG 


INPUT 
NONINVE~~~¥ 


1. On 
DIP, 
pin 
6 is connected 


to bottom 
of package. 


OUTPUT 
"2. On 
Flat 
Package, 
pin 
5 is 
~~itE: 
connected 
to bottom 
of package. 


UC-764 


Supply 
Voltage 


Am741!74nA/741 
E 
Am741C 
I 


Internal Power Dissipation 
(Note 
1) 


I' 


Differential 
Input Voltage 


Voltage betwe~n Offset Null and V- 


Input Voltage 
(Nole 
2) 


Output Short-Circuit 
Duration 
(Nole 
3) 


Operating 
Temperature 
Range 
Am741!741A 
Am741 C!7£_l_E 
_ 


Storage Temp Irature Range 


Lead Temperature (Soldering, 60 sec.) 


±22 V 
±18V 


500 mW 


±30 V 


±0.5V 


±15V 


Indefinite 


-55°C 
to +125°C 
O°C to +70°C 


_65°C to + 150°C 


300°C 


Parameter 
(see definitio~S) 


(Vs = -:!:15 V, TA = 25°C 
unless 
otherwise 
specified) 


Am741C 


Conditions 
Min. 
Typ. 
Max. 
Min. 


Am741 


Typ. 
Max. 


Input Offset toltage 
Rs ~ 10 kll 
2.0 
6.0 
1.0 
5.0 
mV 


Input Offset Current 
20 
200 
20 
200 
nA 


Input Bias Current 
80 
500 
80 
500 
nA 


Input Resistance 
0.3 
2.0 
0.3 
2.0 
Mil 


Input Capacitance 
1.4 
1.4 
pF 


Offset Voltag\l Adjustment 
Range 
±15 
±15 
mV 


Input Volta9~ Range 
±12 
±13 
·±12 
±13 
V 


Large-SignallVoltage 
Gain 
RL ~ 
2 kIl, VO,' = ±10 V 
20 
200 
50 
200 
V/mV 


Output Resistance 
75 
75 
Il 


Output Short-Circuit 
Current 
25 
25 
mA 


Supply Voltage Rejection Ratio 
Rs~10kll 
30 
150 
30 
150 
~V/V 


Common Mode Rejection Ratio 
Rs~10kll 
70 
90 
70 
90 
dB 


Supply Currert 
1.7 
2.8 
1.7 
2.8 
mA 


Power Consumption 
50 
85 
50 
85 
mW 


Transient R:lponse 
(unity gain) 
Vi' = 20 mY, RL = 2 kll, CL ~ 
100 pF 


Risetime 
0.3 
0.3 
~s 


Overshoot 
5.0 
5.0 
% 


Slew Rate 
RL ~ 
2 kll 
0.3 
0.4 
0.3 
0.4 
V/~s 


The Following Specifications 
Apply Over The Operating Temperature Ranges 


Input Offset Voltage 
Rs ~ 10 kll 
7.5 
6.0 
mV 


Input Offset ~urrent 
TA(max) 
9.0 
300 
7.0 
200 
nA 


TA(min) 
35 
300 
85 
500 
nA 


Input Bias Current 
TA{max) 
0.04 
0.8 
0.03 
0.5 
~A 


TA(min) 
0.13 
0.8 
0.3 
1.5 
~A 
.- 


Input Voltage Range 
±12 
±13 
±12 
±13 
V 


Common Mode Rejection Ratio 
Rs ~ 10 kll 
70 
90 
70 
90 
dB 


Supply Voltage Rejection Ratio 
Rs ~ 10 kll 
30 
150 
30 
150 
~V/V 


Large-Signal Voltage Gain 
RL ~ 
2 kll, Vo,' = ±10 V 
15 
25 
V/mV 


Output Voltage Swing 
RL ~ 
10 kll 
±12 
±14 
±12 
±14 
V 


RL ~ 
2 kll 
±10 
±13 
±10 
±13 
V 
--- 
- 


Supply Current 
TA(max/ 
1.6 
3.3 
1.5 
2.5 
mA 


TA(min) 
1.8 
3.3 
2.0 
3.3 
mA 


Power Consumption 
TA(max) 
48 
100 
45 
75 
mW 


TA{min) 
54 
100 
60 
100 
mW 


Notes: 
1. 
Derate 
Metal 
Can 
package 
at 
6.8 mWiC 
for 
operation 
at 
ambient 
temperatures 
above 
7SoC, 
the 
Dual 
In-Une 
package 
at 9 mW/oC 
for 
operation 
at ambient 
temperatures 
above 9SoC, and the Flat Package 
at 5.4 mWiC 
for operation 
at ambient 
temperatures 
above S7°e. 


2. 
For 
sUP'Ply .voltages 
less than 
±15V 
,.the 
maximum 
in.put 
volt.age 
is equa~ to the 
supply 
voltage. 
0 


3. 
Short 
rlrcult 
may 
be to 
ground 
or either 
supply. 
Rating 
applies 
to 
+125 
C case temperature 
or +75 
C ambient 
temperature. 


Am741/741 C/741 A/741 E 


ELECTRICAL CHARACTERISTICS 
(Vs = ±15V, TA = 25°C unless otherwise 
specified) 
Am741A1741E 
Parameters 
(see definitions) 
Conditions 
Min. 
Typ. 
Max. 


I nput Offset 
Voltage 
RS'; 
5011 
0.8 
3.0 
mV 


Input Offset Current 
3.0 
30 
nA 


Inp~t 
Bias Current 
(Note 5) 
30 
110 
nA 


Powfr 
Supply 
Rejection 
Ratio 
(Note 6) 
Vs = +10, -20; 
Vs = +20, -10V, 
RS = 5011 
15 
50 
}.IV/V 


Common 
Mode 
Rejection 
VCM - ±15V 
80 
dB 


Output 
Short Circuit 
Current 


±VCC - ±15V, 
Va 
- ±15V 
9 
40 
mA 
Short to Other Supply 


Power Di,ssipation 
10 
150 
mW 


±VCC ~ ±20V; 
RL ~ 2kl1, 
10kl1; 
Va 
- ±15V 
50 
V/mV 
Larg~ Signal Voltage 
Gain 


+Vee 
- +5V; RL = 2kl1, 
10kl1; 
Va 
±2V 
10 
V/mV 


Tranrient 
Response (unity 
gain) 


0.30 
'lise Time 
0.8 
}.IS 


dvershoot 
5.0 
20 
% 


Adjustment 
for 
Input 
Offset 
Voltage 
(Note 
7) 
7.5 
mV 


RL ~ 10kl1 
32 
Volts 
Large Signal Voltage 
Swing 


RL ~ 2kl1 
30 
Volts 


Slew Rate (unity 
gain) 
VIN = ±10V 
0.3 
0.42 
V/}.Is 


Bandwidth 
- 5kHz 
15 
}.IV RMS 


Noise 
}.IV Peak 
Bandwidth 
= 5kHz 
40 


The Following 
Specifications 
Apply for Min ~ TA ~ Max 


Input 
Offset 
Voltage 
4.0 
mV 
Average Input Offset 
Voltage 
Drift 
15 
}.Ivte 


TA(max) 
30 
nA 
Input Offset Current 


TAlmin) 
70 
nA 


Average Input Offset Current 
Drift 
25°C <; T A <; Max 
200 
pAte 


Min <; TA <; 25°C 
500 
pAte 


Inpur 
Bias Current 
(Note 
5) 
TA(max) 
1.0 
110 
nA 


TA(min) 
1.0 
265 
nA 


outpLt 
Short Circuit Current 
TA(max) 
9.0 
40 
mA 


TA(min) 
9.0 
55 
mA 


TA(max) 
135 
mW 
Power Dissipation 


TA(min) 
165 
mW 


RL - 10kl1 
32 
Volts 
Large Signal Voltage 
Swing 
RL = 2kl1 
30 
Volts 


Large Signal Voltage 
Gain 
±Vce 
~ ±20V; 
RL = 2kl1, 
10kl1; 
Va 
= ±15V 
32 
V/mV 


±Vee 
~ ±5V; RL ~ 2kl1, 
10kl1; 
Va 
~ ±2V 
10 
V/mV 


Notes: 
1. 
Rating 
applies 
to 
ambient 
temperatures 
up 
to 
70°C. 
Above 
70°C 
ambient 
derate 
linearly 
at 6.3mW/C 
for 
the 
metal 
can, 
8.3mW/"C 
for 
the 
DIP 
and 
7.1mWtC 
for 
the 
Flatpak. 
2. 
For 
supply 
voltages 
less than 
±15V, 
the 
absolute 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 
3. 
Short 
circuit 
may 
be to ground 
or either 
supply. 
Rating 
applies 
to 
+125°C 
case temperature 
or 75°C 
ambient 
temperature. 
4. 
T A(min) 
for 
741 A is _55°C 
and for 
741 E is OoC. T A(max) 
for 
741 A is +125°C 
and for 
741 E is +70°C. 
5. 
Input 
bias currents 
are measured 
individually 
to specified 
limits. 
6. 
PSRR 
measured 
separately 
for 
positive 
and 
negative 
supply 
to specified 
limits. 
7. 
VOS 
adjust 
is measured 
in both 
positive 
and 
negative 
direction 
to 
the specified 
limit. 
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Am747/747C/747A/747E 
Dual Frequency-Compensated 
Operational Amplifiers 


Description: 


The Am747 
Series Dual Frequency-Compensated 
Oper- 
ational 
Amplifiers 
are functionally, 
electrically. 
and pin- 


for 
pin 
equivalent 
to 
the Fairchild 
J1A747 series. They 
are available 
in the hermetic 
metal can, dual-in-line 
and 
flat packages as well as plastic dual-in-line. 


The 
Am747A 
and Am747E 
are tested to the electrical 
characteristics 
of the current 
revision 
of M I L-M-3851 0/ 


10102. 


The 
Am747 
is a dual 
Am741 
internally 
compensated 
opera- 
tional 
amplifier. 
The 
Am747 
Series are differential 
input, 


class AS output 
amplifiers 
intended 
for general purpose appli- 


cations. 
They are protected 
against faults 
at input 
and output, 
and require 
no external 
components 
for 
frequency 
compen- 
sation. 


Distinctive 
Characteristics: 
100% reliability 
assurance testing including 
high-temper- 


ature bake, temperature 
cycling, 
centrifuge 
and fine leak 


hermeticity 
testing 
in compliance 
with 
M I L-STD-883. 


Electrically 
tested 
and optically 
inspected 
dice for the 


assemblers of hybrid 
products. 


Note: 
V+A 
and V+B connected 
internally. 
For separate 


V+ pins order as 747-1. 
Llc-n, 


APPLICATIONS 
NOTCH 
FI LTER USING 
THE Am747 
AS A GYRATOR 


Notch 
Frequency 
as a 
Function 
of C1 


C, 


*820PF'" 


Part 


Number 


ORDERING 
INFORMATION 


Package 
Temperature 
Order 


Type 
Range 
Number 


Hermetic DIP 
aOc to +7aoC 
747DC 
Metal Can 
aOc to +7aoC 
747HC 


Molded DIP 
aOc to +7aoC 
747PC 


Dice 
aOc to +7aoC 
747XC 


Hermetic DIP 
_55°C to +125°C 
747DM 


Metal Can 
_55°C to +125°C 
747HM 


Flat Pak 
_55°C to +125°C 
747FM 


Dice 
_55°C to +125°C 
747XM 


Hermetic DIP 
aOc to +7aoC 
747EDC 


Metal Can 
aOc to +7aoC 
747EHC 


Hermetic DIP 
_55°C to +125°C 
747ADM 


Metal Can 
_55°C to +125°C 
747AHM 


Flat Pak 
_55°C to +125°C 
747AFM 


-= 
R4 
15~n 


TRIM RJSUCHTHAT 


R1.R3 
R2 
2il. 


10 
L.l..I..J..I....l.-'-JllL..J....J..J.J.L...L....l...u.J,..J 


0.0001 0.001 
0.01 
0.1 
1.0 


CAPACITOR 
C, - 
.F 


UC-773 


CONNECTION 
DIAGRAMS 
Top Views 


INVEIlTlN" 


'''PUT 
A 


NONINV,~~~'~~ 


OffSET 
NULLA, 


,JHSET 
NUll I 
r"O·.INV[RT',,"l.; 
••.•purl 


IN\'ERTING 
,"'Pull 


1. On 
Metal 
Can, 
pin 5 is c~nne~ted 
to 
cafe. 
2. 
On 
DIP, 
pm 
4 
IS conneC1ed 


to 
bottom 
of 
package. 


3. 
On 
Flat 
Package, 
pin 
4 
i$ 
connected 
to bottom 
of package. 


4. 
V+ A 
and 
V+B 
are 
connected 
internally. 


INV(RTlNl, 


HI,PUIA 
"ON,,,,V[HTING 


INPUT 
A 


OHSE1NULLA , 


OffSfT 
'<ULLII 
••o~ IN\lEATIII,G 


lNPUT8 


IN\lEIH1"'G 


INPUT 
8 


OUTPUT 
A 
" 
OUTPUT 
8 


v' , 


OH$H 
I\ULl8 


Am747/747C/747A/747E 


MAXIMUM 
RATINGS 


Supply 
Voltage 


Am747, 
Am747A, 
Am747E 
Am747C 


Internal Power Dissipation 
(Note 
1) 


DIP, Metal Can 
Flat Package 


Differential 
Input Voltage 


Voltage between Offset Null and V- 


Input Voltage 
(Note 
2) 


Output Short-Circuit 
Duration 
(Note3) 


Operating 
Temperature 
Range 


Am747, 
Am747A 
Am747C, 
Am747E 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 60 sec.) 


800 mW 
500 mW 


±30V 


±0.5V 


±15V 


Indefinite 


-55°C 
to +125°C 
O°C to +70°C 


-65°C 
to +150°C 


300°C 


ELECTRICAL 
CHARACTERISTICS-Each 
Amplifier 
(Vs = ±15 V, TA = 25°C unless otherwise 
specified) 


Parameter 
Am747C 
Am747 


d f .. 
C 
d" 
M' 
T 
M 
M' 
T 
M 
U '1 
see 
e ''lltlons 
on ,tlons 
m. 
yp. 
ax. 
m. 
yp. 
ax. 
"IS 


Input Offset Voltage 
Rs ~ 10 kfl 
2.0 
6.0 
1.0 
5.0 
mV 


Input Offset Current 
20 
200 
20 
200 
nA 


Input Bias Current 
80 
500 
80 
500 
nA 


Input Resistance 
0.3 
2.0 
0.3 
2.0 
Mfl 


Input Capacitance 
1.4 
1.4 
pF 


Offset Voltage Adjustment 
Range 
±15 
±15 
mV 


Input Voltage 
Range 
±12 
±13 
±12 
±13 
V 


Large-Signal 
Voltage Gain 
RL ~ 
2 kfl, Vout= ± 10 V 
25 
200 
50 
200 
V/mV 


Output 
Resistance 
75 
75 
fl 


Output Short-Circuit 
Current 
25 
25 
mA 


Supply Voltage Rejection Ratio 
Rs ~ 10 kfl 
30 
150 
30 
150 
I'V/V 


Common Mode Rejection Ratio 
Rs ~ 10 kfl 
70 
90 
70 
90 
dB 


Supply 
Current 
1.7 
2.8 
1.7 
2.8 
mA 


Power Consumption 
50 
85 
50 
85 
mW 


Transient 
Response (unity gain) 
V;o= 20 mY, RL = 2 kfl, CL 
~ 
100 pF 
Risetime 
0.3 
0.3 
I's 
Overshoot 
5.0 
5.0 
% 


Slew Rate 
RL ~ 
2 kfl 
0.3 
0.4 
0.3 
0.4 
VII's 


Channel Separation 
Rs= 50 fl, RL ~ 
10 kfl 
120 
120 
dB 


The Following 
Specifications 
Apply Over The Operating Temperalure 
Ranges 


Input Offset Voltage 
Rs ~ 10 kfl 
7.5 
6.0 
mV 


Input Offset Current 
T""(max) 


" 


9.0 
300 
7.0 
200 
nA 


T,,(min) 
35 
300 
85 
500 
nA 


Input Bias Current 
T"'(max) 
0.04 
0.8 
0.03 
0.5 
I'A 


TA(min) 
0.13 
0.8 
0.3 
1.5 
I'A 


Input Voltage Range 
±12 
±13 
±12 
±13 
V 


Common Mode Rejection Ratio 
Rs ~ 10 kfl 
70 
90 
70 
90 
dB 


Supply Voltage Rejection Ratio 
Rs ~ 10 kfl 
30 
150 
30 
150 
I'V/V 


Large-Signai 
Voltage Gain 
RL ~ 
2kfl, 
You!= ±10V 
15 
25 
V/mV 


Output Voltage Swing 
RL ~ 
10 kfl 
±12 
±14 
±12 
±14 
V 
RL ~.2 kfl 
±10 
±13 
±10 
±13 
V 


Supply Current 
T"(max) 
1.6 
3.3 
1.5 
2.5 
mA 


T"(min) 
1.8 
3.3 
2.0 
3.3 
mA 
- 


Power Consumption 
T"(max) 
48 
100 
45 
75 
mW 


TA(min) 
54 
100 
60 
100 
mW 


Notes: 
1. 
Derate 
Metal Can package 
at 6.8 mWfC 
for 
operation 
at ambient 
temperatures 
above 30°C. the Dual In-Lil"le 
package 
at 9 mWfC 
for operation 


at ambient 
temperatures 
above 60° C, and the Flat Package at 5.4 mWf 
C for operation 
at ambient 
temperatures 
above 57° C. 
2. 
For supply 
voltages 
less than ±15V. the absolute 
maximum 
input 
voltage is eQual to the supply 
voltage. 


3. 
Short 
circuit 
may be ground 
or either 
supply. 
Rating applies 
to 12SoC case temperature 
or H500C ambient 
temperature 
for each side. 


Am747/747C/747A/747E 


ELECTRICAL CHARACTERISTICS 
(Vs = ±15V, TA = 25°C unless otherwise 
specified) 
Am747A/747E 
Parameters 
(see definitions) 
Conditions 
Min. 
Typ. 
Max. 


Input 
Offset Voltage 
Rs" 
50n 
0.8 
3.0 
mV 


Input Offset Current 
3.0 
30 
nA 


Input 
8ias Current 
(Note 
5) 
30 
110 
nA 


Power Supply 
Rejection 
Ratio 
(Note 6) 
Vs = +10, -20; 
Vs = +20, -10V. 
RS = 50n 
15 
50 
J.lV!V 


Common 
Mode Rejection 
VCM - ±15V 
80 
dB 


Output Short Circuit Current 
±VCC - ±15V, 
Vo 
- ±15V 
9 
40 
mA 


Short 
to Other Supply 


Power Dissipation 
10 
150 
mW 


Large Signal 
Voltage 
Gain 
±VCC = ±20V; 
RL = 2kn 
10kn; 
Vo = ±15V 
50 
V/mV 


±VCC - ±5V; 
RL - 2kn 
10kn; 
Vo 
= ±2V 
10 
V/mV 


Transient 
Response (unity 
gain) 


Rise Time 
0.30 
0.8 
J.lS 


Overshoot 
5.0 
20 
% 


Adjustment 
for Input Offset Voltage 
(Note 
71 
7.5 
mV 


Large Signal Voltage Swing 
RL - 10kn 
32 
Volts 


RL - 2kn 
30 
Volts 


Slew Rate (unity 
gain) 
VIN = ±10V 
0.3 
0.42 
V/J.lS 


Bandwidth 
- 5kHz 
15 
J.lV RMS 


Noise 


Bandwidth 
= 5kHz 
40 
J.lV reak 


The Following 
Specifications 
Apply for Min ,,;;TA";; Max 


Input 
Offset 
Voltage 
4.0 
mV 


Average Input Offset Voltage Drift 
15 
J.lVrC 


TA(max) 
30 
nA 
Input Offset Current 


TA(min) 
70 
nA 


Average Input Offset Current Drift 
25°C •• TA" 
Max 
200 
pArC 


Min •• T A" 
25°C 
500 
pArC 


TA(max) 
1.0 
110 
nA 


Input 
Bias Current 
(Note 5) 


TA(minl 
1.0 
265 
nA 


TA(max) 
9.0 
40 
mA 
Output 
Short Circuit Current 


TA(min) 
9.0 
55 
mA 


TA(max) 
135 
mW 
Power Dissipation 


TA(min) 
165 
mW 


RL = 10kn 
32 
Volts 


Large Signal Voltage 
Swing 


RL = 2kn 
30 
Volts 


±VCC = ±20V; 
RL = 2kn, 
10kn; 
Vo 
= ±15V 
32 
V/mV 


Large Signal Voltage 
Gain 
±VCC = ±5V; 
RL = 2kn, 
10kn; 
Vo 
= ±2V 
V/mV 
10 


Notes: 
1. 
Rating 
applies 
to 
ambient 
temperatures 
up 
to 
70°C. 
Above 
70°C 
ambient 
derate 
linearly 
at 6.3mW/oe 
for 
the 
metal 
can, 
8.3mW/oe 
for 
the 
DIP 
and 7.1mwie 
for 
the 
Flatpak. 
2. 
For sup.ply .voltages 
less than 
±15V,.the 
absolute 
ma~imum 
j~put 
vOltag,; 
is equal 
to the supply 
vOJtage .. 
3. 
Short 
CIrcUIt 
may 
be to ground 
or eIther 
supply. 
Rating 
applies 
to +125 
e case temperature 
or 75 
e ambient 
temperature. 
4. 
T A(min) 
for 
741 A is -5Soe 
and for 
741 E is oOe. T A(max) 
for 741A is +12SoC and for 741 E is +70°C. 
5. 
Input 
bias currents 
are measured 
individually 
to specified 
limits. 
6. 
PSRR 
measured 
separately 
for 
positive 
and negative 
supply 
to specified 
limits. 
7. 
VOS 
adjust 
is measured 
in both 
positive 
and negative 
direction 
to 
the specified 
limit. 
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Am748/748C 


Operational Amplifier 


Description: 
The Am748/748C 
Monolithic 
Operational 


Amplifiers 
are functionally, 
electrically, 
and pin.for-pin 


equivalent 
to the Fairchild 
JLA748and JLA748C. Bot/1 are 
available 
in the 
hermetic 
metal can, 
dual-in-line, 
and 


flat packages. 


FUNCTIONAL 
DESCRIPTION: 


The Am748 and Am748C are differential input class AS output 
amplifiers 
intended for general-purpose 
application. 
They are 
protected 
against 
faults 
at 
input 
and 
output, 
and 
may be 
frequency 
compensated 
with an external 
30 pF capacitor. 


Distinctive 
Characteristics: 
100% 
reliability 
assurance 
testing 
including 
high-temperature 
bake, 
temperature 
cycling, 
centrifuge 
and fine 
leak 
hermeticity 
testing 
in 


compliance 
with MIL STD 883 Class B. 


Electrically 
tested 
and optically 
inspected 
dice for the 


assemblers 
6f hybrid 
products. 


f=lkHI 


25~ 


Part 
Package 
Temperature 
Number 
Type 
Range 


Metal Can 
aOc to +7aoC 


Am748C 
Hermetic 
DIP 
aOc to +7aoC 


Dice 
aOc to +7aoC 


Metal Can 
-55°C 
to +125°C 


Am748 
Hermetic 
DIP 
_55°C 
to +125°C 


Dice 
_55°C 
to +125°C 


748HC 


748DC 
748XC 


748HM 


748DM 


748XM 


±m 


f=lkHz 


CONNECTION 
DIAGRAMS 
Top Views 


"' 
NC 


COMP 
A/lIALANCE 


I,.."ERTING 
INPUT 
I'IIONINVERTING 
~ 
INPUT 


NC 


NC 


COMP 8 


NOTES: 


(1) 
On 
Metal 
Can. 


pin. 
is connected to case. 


(2) On DIP, pin 6 is connected 


to bottom 
of package. 


(3) 
On. Flat 
Package, 
pin 5 is 
connected 
to bottom 
of package. 


COM'A,/eAlANCE 


INVEATING 
INPUT 


NON INVERTING 
INPUT 


Supply Voltage 
Am748 
Am748C 


Power Dissipation 
(Note 
1) 


Differential 
Input Voltage 


Input Voltage 
(Note 
2) 


Output Short-Circuit 
Duration 
(Note 
3) 


Operating 
Temperature 
Range 
Am748 
Am748C 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 60 sec.) 


±22 V 
±18V 


500 mW 


±30 V 


±15V 


Indefinite 


-55°C 
to +125°C 
O°C to +70°C 


-65°C 
to +150°C 


I 
3000C 


Parameter 
(see definitions) 


(Vs = ±15 V, TA = 25°C unless otherwise 
specified) 


Am748C 
Conditions 
Min. 
Typ. 
Max. 
Min. 


Am748 
Typ. 
Max. 
-_._------ 
--- 


Input Offset Voltage 
Rs ~ 10 kl1 
2.0 
6.0 
1.0 
5.0 
mV 
--- 


Input Offset Current 
20 
200 
20 
200 
nA 


Input Bias Current 
80 
500 
80 
500 
nA 
- 


Input Resistance 
0.3 
2.0 
0.3 
2.0 
MI1 
- 


Input Capacitance 
1.4 
1.4 
pF 


Offset Voltage Adjustment 
R,ange 
±15 
±15 
mV 


Input Voltage Range 
±12 
±13 
±12 
±13 
V 
-- 
_. 
-f---. 


Large-Signal 
Voltage Gain 
RL 2: 2 kl1, Vo,t= 
±10V 
50 
200 
50 
200 
V/mV 


.- 
- 


Output 
Resistance 
75 
75 
11 


Output Short-Circuit 
Current _~ 
25 
25 
mA 


Supply Voltage Rejection Ratio 
Rs ~ 10 kl1 
30 
150 
30 
150 
"V/V 
- 
-- 


Common Mode Rejection Ratio 
Rs ~ 10 kl1 
70 
90 
70 
90 
dB 


Supply Current 
1.7 
2.8 
1.7 
2.8 
mA 


Power Consumption 
50 
85 
50 
85 
mW 
-- 
----- 


Transient Response (unity gain) 
Vi" = 20 mY, RL = 2 kl1, CL ~ 
100 pF 


Risetime 
0.3 
0.3 
"s 
Overshoot 
5.0 


50 * 


- 
- 
------- 
---------- 


Slew Rate 
RL 2: 2 kl1 
0.2 
0.5 
0.2 
0.5 
V/"s 
- 
--------------- 


The Following 
Specifications 
Apply Over The Operating Temperature Ranges 


Input Offset Voltage 
Rs ~ 10 kl1 
7.5 
6.0 
mV 


- 
-- 
------------ 
--- 
-- 
-- 
------ 
- ------------ 
-- - 


Input Offset Current 
TA(max) 
9.0 
300 
7.0 
200 
nA 


--~~~ 
35 
300 
85 
500 
nA 
- 
- 
- 
------~-- 
- - - 
-- 
-- ---- -----_._-- 
--- 
------------- 
--- -- 


Input Bias Current 
TA[max] 
0.04 
0.8 
0.03 
0.5 
"A 


_T A~_~ 
_______________ 
. _____ 
._ 
0.13 
0.8 
0.3 
1.5 
"A 
-- 
---- 
-- - 


Input Voltage Range 
±12 
±13 
±12 
±13 
V 


-- -------------_ 
.._._----- --------------- 
1------------- 
--- -- 


Common Mode Rejection Ratio 
Rs ~ 10 kl1 
70 
90 
70 
90 
dB 
~-------- 
----- 
-- 
--------- 
--------------- 
--- 
-- 


Supply Voltage Rejection Ratio 
Rs ~ 10 kl1 
30 
150 
30 
150 
"V/V 
---- 
--- 
------------ 
- 
-- 
~- 


Large-Signal 
Voltage Gain 
RL 2: 2 kl1, Vout = ±10 
V 
25 
25 
V/mV 
-- 
- 
--------~- 
------ 
._---- 
-- 
----- 


Output Voltage Swing 
RL 2: 10 kl1 
±1'2 
±14 
±12 
±14 
V 


RL 2: 2 kl1 
±10 
±13 
±10 
±13 
V 


---- 
- -------- 
------ 
--------------- 
- -- ------------ 
-- -_. 
-- 
-- 
-- 
-+-- 


Supply Current 
TAlmax) 
1.6 
3.3 
1.5 
2.5 f 


TAlmin) 
1.8 
3.3 
2.0 
3.3 
- - --- 
-------- 
---- 
--------- 
---- 
------- 
------ 
--- 
-~---- 
- 


Power Consumption 
TA{lTldXJ 
48 
100 
45 
75 
mW 


TA(min) 
54 
100 
60 
100 
mW 


-- 
-- -- 
-- --------- 
---------------- 
--- ---- 
- ----- -- - 
--------- 
-- ~ 
---- 
-- 


Notes: 
1. 
Derate 
Metal 
Can 
package 
at 
6.8 
mw~ 
C for 
operation 
at ambient 
temperatures 
above 
75° C and the 
Dual 
In-Line 
package 
at 9 mW/ 
C for 
opera- 


tion 
at ambient 
temperatures 
above 
95 
C_ 
2. 
For 
supply 
voltages 
less than 
± 15 V. the 
maximum 
input 
voltage 
is equal 
to the supply 
voltage. 


3. 
Short 
circuit 
may 
be to 
ground 
or either 
supply. 
Rating 
applies 
to +125°C 
case temperature 
or +75°C 
ambient 
temperature. 
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BASIC 
Am748 


AMPLIFIER 


APPLICATIONS 


30 pF 


GAIN 
R,. 
R, 
BW. 
R'N 
----- 


1 
10 k!! 
10 kH 
1 MHz 
10 kU 


10 
1 kg 
10 kP. 
100 kHz 
1 kg 


100 
1 k~! 
100 kH 
10 kHz 
1 kU 
1000 
100 !? 
100 k{? 
1 kHz 
100 !? 


RrN 
= 400 
MS1 
C1N= 
lpF 
ROUT« 
In 


B.W. = 1 MHz 


R, 
B.W. 
R'N 


9 kP. 
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NULL-+iI~~'w1111 


Am1501 


Dual Operational 
Amplifiers 


• 
Low offset 
voltage 


• 
Low offset 
current 


• 
Guaranteed 
drift 
characteristics 


FUNCTIONAL 
DESCRIPTION 


The 
Am1501 
series 
are 
differential 
input, 
class AB output 


operational 
amplifiers. 
The inputs 
and outputs 
are protected 
against 
overload 
and 
the 
amplifiers 
may be frequency 
com- 
pensated 
with 
an external 
30pF 
capacitor. 
The combination 


of 
low-Input 
currents, 
low-offset 
voltage, 
low 
noise, 
and 
versatility 
of compensation 
classify the Am1501 
series ampli- 
fiers for low level and general purpose appliCations. 


OUTPUT 


BALANCEI 
COMPENSATION 


BALANCE 


OUTPUT 
COMPENSATION 


OUTPUT 


BALANCEI 
COMPENSATION 


v' . 


BALANCE 


OUTPUT 
COMPENSATION 


• 
Offsets 
guaranteed 
over 
entire 
common 
mode 
and 
supply 
voltage ranges 


• 
Slew rate of 10V//J.s as a summing 
amplifier 


DESCRIPTION 


The 
Am1501 
series 
of dual 
operatio'nal 
amplifiers 
are two 


LM101 A type op amps in a single hermetic 
package. They are 


functionally, 
electrically 
and 
pin-for-pin 
equivalent 
to 
the 


National 
LH21 01 A series. Featuring 
all the same performance 


characteristics 
of the single, these duals offer in addi~ion closer 


thermal 
tracking, 
lower 
weight, 
reduced 
insertion 
cost, 
and 
smaller size than two singles. 


The Am 1501 M is specified 
for operation 
over the _55° C to 


+125°C 
military 
temperature 
range. The Am1501 L is specified 
for 
operation 
over 
the 
_25°C 
to +85°C 
temperature 
range. 


The Am1501C 
is specified for operation 
over the O°Cto +70°C 


temperature 
range. 


CONNECTION 
DIAGRAMS 
Top Views 


v+A 
OUTPUT 
A 


OUTPUT 
NC 
COMPo 
A 


BAl.!CQMP. 
A 
BAl.A 


INV. INPUT A 
NON·INV. 
INPUT 
B 


NON-INV. 


INV.INPUTjS 
INPUT 
A 


v- 
BAL.I 
COMA. 
B 


BAL. B 
OUTPUT 
COMPo 
B 


OUTPUT 
B 
v+B 


Part 
Package 
Temperature 
Order 
V+A 


Number 
Type 
Range 
Number 
OUTPUT 
COMPo 
A 


Hermetic 
Dip 
O°C to +70°C 
AM1501DC 
BAL.!CDMP. 
A 
Am1501C 
Flat Pak 
O°C to +70°C 
AM1501FC 
Hermetic 
Dip 
_25°C to+85°C 
AM1501DL 
INV. 
INPUT A 


Am1501 L 
Flat Pak 
_25°C to +85°C 
AM1501FL 
NON·INV. 
INPUT A 


Hermetic 
Dip 
_55°C to +125°C 
AM1501DM 
v- 
Am1501M 
~Iat Pak 
-55°C 
to +125°C 
AM1501FM 


BAL. 8 


OUTPUT 
B 


BALA 


NON-INV. 
INPUT 
B 


tNV. 
INPUT 
B 


Supply 
Voltage 


Am1S01 
M, Am1S01 
L 


Am1S01C 


Internal 
Power 
Dissipation 
(Note 
11 


Differential 
Input 
Voltage 


Input 
Voltage 
(Note 2) 


Output 
Short-Circuit 
Duration 


Operating 
Temperature 
Range 


Am1S01M 
Am1S01L 
Am1S01C 


±22V 
±18V 


SOOmW 


±30V 


±1SV 


Storage 
Temperature 
Range 


Lead 
Temperature 
(Soldering, 
50 sec.) 


-SSOC 
to +12SoC 
-2SoC 
to + 
8SoC 


O°C to + 
8SoC 


-55°C 
to +1S0°C 


300°C 


ELECTRICAL CHARACTERISTICS 
(T A; 
2SoC 
unless 
otherwise 
specified) 
(Note 31 


(EACH 
AMPLIFIER) 


Am1S01C 
Min. 
Typ. 
Max. 


Am1S01M 
Am1501 
L 
Min. 
Typ. 
Max. 
Units 


Input Offset 
VOltage 
RS" 
50kn 
2.0 
7.5 
0.7 
2.0 
mV 


Input 
Offset Current 
3.0 
50 
1.5 
10 
nA 


Input 
Bias 
Current 
70 
250 
30 
75 
nA 


Input 
Resi5tance 
0.5 
2.0 
1.5 
4.0 
Mn 


Supply 
Current 
ITotal Both Amplifiers) 
Vs ~ ±20V 
3.6 
6.0 
mA 
Vs ~ ±15V 
3.6 
6.0 


Large Signal Voltage 
Gain 
Vs = ±15V. 
VOUT 
~ ±10V. 
25 
160 
50 
160 
VlmV 
RL> 
2.0kn 


Slew 
Rate 
Vs = ±20V. 
AV 
~ +1.0 
0.2 
0.5 
0.2 
0.5 
VI/J.s 


The 
Following 
Specifications 
Apply 
Over 
The 
Operating 
Temperature 
Ranges 


Input Offset 
Voltage 
RS" 
50kn 
10 
3.0 
mV 


Input 
Offset Current 
70 
20 
nA 


Average Temperature 
Coefficient 
of Input 
Offset VOltage 
TAlmin.! 
•• TA •• TAlmax.) 
6.0 
30 
3.0 
15 
/J.vtc 


Average Temperature 
Coefficient 
of Input 
Offset Current 
25°C <;TA •• TAlmax.! 
0.01 
0.3 
0.01 
0.1 
nAtC 
TAlmin.! 
•• TA" 
25"C 
0.02 
0.6 
0.02 
0.2 


Input 
Bias Current 
300 
100 
nA 


Large Signal Voltage 
Gain 
Vs = ±15V, 
VOUT 
~ ±10V, 
25 
25 
VlmV 
RL> 
2.0kn 


Input 
Voltage 
Range 
Vs ~ ±20V 
±15 
V 


Vs = ±15V 
+15,-12 


Common 
Mode 
Rejection 
Ratio 
RS •• 50kn 
70 
90 
80 
96 
dB 


Supply VOltage Rejection 
Ratio 
RS •• 50kn 
70 
96 
80 
96 
dB 


Output 
Voltage 
Swing 


Vs = ±15V, 
RL ~ 10kn 
+12 
+14 
±12 
±14 
V 
RL ~ 2.0kn 
±10 
±13 
±10 
±13 


Supply 
Current 
ITotal Both Amplifiers) 
TA = +125°C, 
Vs = ±20V 
2.4 
5.0 
mA 


Notes: 
1. 
The 
maximum 
junction 
temperature 
~f t~e 
Am1501 
M is 150°C. 
w~i1e 
that 
of th~ 
Am1501 
Land 
Am1501 
Cis 
1~oo C. F~r 
operating 
temleratur~s, 


devices 
in the 
flat 
package, 
the 
deratmg 
IS 
based 
on 
a thermal 
resIstance 
of 
185 
C/W 
when 
mounted 
on a 1/16-lnch-thlck 
epoxy 
glass board 
wIth 


O.03-inch-wide, 
2-ounce 
copper 
conductors. 
The 
thermal 
resistance 
of the dual-in-Iine 
package 
is 100oC/W, 
junction 
to ambient. 


2. 
For 
supply 
voltages 
less than 
±15V. 
the 
absolute 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 


3. 
These 
specifications 
apply 
for 
±5V 
~ 
Vs 
~ 
±20V 
and _55°C 
~ TA 
~ 
+125°C, 
unless otherwise 
specified. 
With 
the 
Am1501 
L, however, 
all temp· 


erature 
specifications 
are 
limited 
to _25°C 
~ T A 
0;;;:;; +8SoC. 
For 
the Am1501C 
these specifications 
apply 
for 
OOC ~ T A ~ +70°C. 
±5V 
and'" 
VS" 


±15V. 
Supply 
current 
and 
input 
voltage 
range 
are specified 
as Vs 
= ±lSV 
for 
the 
Am1501 
C. C1 = 30pF 
unless 
otherwise 
specified. 


Cl2:.~ 


Cs-30pF 


C,2:. R~ltC~2 


Cs- 
JOpF 
C2- 
10 C, 


Power supplies should be bypassed to ground at one point, minimum, on each card. More 
bypass points should be considered for five or more amplifiers on a single card. For appli- 
cations 
using feed-forward 
compensation, the power supply leads of each amplifier 
should 
be bypassed with low inductance capacitors. 


Compensating for 
Stray Input Capacitance/Large 
Feedback Resistance 
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INPUT 


The values given for 
the frequency 
compensation 
capacitor 
guarantee stability 
only for 
source resistances less than 10kI'!, stray capacitances on the summing junction 
less than 
5pF and capacitive 
loads smaller than 100pF. If any of 
these conditions 
is not met, it is 


necessary to use a larger compensation capacitor. Alternately, lead capacitors can be used 
in the feedback 
network to negate the effect 
of stray capacitance 
and large feedback 
resistors, or an RC network can be added to isolate capacitive loads. 
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lIC·802 


Am1558/1458 


The Am 1558 and Am1458 
Dual Frequency 
Compensated 
Operational 
Amplifiers 
are functionally, 
electrically, 
and 


pin-for-pin 
equivalent 
to 
the 
Motorola 
MC1558 
and 
MC1438. 
Both 
are available 
in the hermetic 
metal can 


package. 


The Am1558 
is a dual 741 internally 
compensated 
operational 


amplifier. 
The 
Am1558 
and Am1458 
are differential 
input, 
class 
AS 
output 
amplifiers 
intended 
for 
general 
purpose 
applications. 
They 
are protected 
against 
faults 
at input 
and 


output, 
and 
require 
no external 
components 
for 
frequency 


compensation. 


• 
100% 
reliability 
assurance 
testing 
including 
high- 


temperature 
bake, 
temperature 
cycling, 
centrifuge 
and fine 
leak hermeticity 
testing 
in compliance 
with 
MI L-STD-883 
• 
Electrically 
tested 
and 
optically 
inspected 
dice 
for 


the assemblers of hybrid 
circuits 


Part 


Number 


Package 


Type 


Metal Can 
Dice 


Metal Can 
Dice 


Temperature 
Range 


O°C to +70°C 
O°C to +70°C 


-55°C 
to +125°C 
-55°C 
to +125°C 


Order 
Number 


AM1458H 
LD1458 


AM1558H 
LD1558 
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CAPACITOR 
C1 - ~F 


CONNECTION 
DIAGRAM 
Top View 


Am1558/1458 


MAXIMUM 
RATINGS 


Supply 
Voltage 
Am1558 
Am1458 
±22V 
±18V 


Internal 
Power Dissipation 
(Note 1) 
Metal Can 


Differential 
Input 
Voltage 


Input 
Voltage 
(Note 2) 


Output 
Short-Circuit 
Duration 
(Note 3) 


Operating Temperature 
Range 
Am1558 
Am1458 


800mW 


±30V 


±15V 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
60 sec.) 


-55°C 
to +125°C 


O°C to + 70°C 


_65°C to +150°C 


300°C 


ELECTRICAL 
CHARACTERISTICS-Each 
Amplifier 
(VS ~ ±15V, T A ~ 25°C unless otherwise specified) 


Am1458 
Am1558 
Parameter (see definitions) 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 


Input Offset Voltage 
RS";; 10kn 
2.0 
6.0 
1.0 
5.~ 
mV 


Input 
Offset 
Current 
20 
200 
20 
200 
nA 


Input 
Bias Current 
80 
500 
80 
500 
nA 


Input Resistance 
0.3 
2.0 
0.3 
2.0 
Mn 


Input 
Capacitance 
1.4 
1.4 
pF 


Offset 
Voltage 
Adjustment 
Range 
±15 
±15 
mV 


Input Voltage Range 
±12 
±13 
±12 
±13 
V 


Large-Signal 
Voltage 
Gain 
RL" 
2.0kn, VOUT = ±10V 
20 
100 
50 
200 
V/mV 


Output 
Resistance 
75 
75 
n 


Output 
Short-Ci rcuit Current 
25 
25 
mA 


Supply 
Voltage 
Rejection 
Ratio 
RS";; 10kn 
30 
150 
30 
150 
/-lV/V 


Common 
Mode Rejection 
Ratio 
RS";; 10kn 
70 
90 
70 
90 
dB 


Supply Current (Both Amplifiers) 
3.4 
5.6 
3.4 
5.~ 
mA 


Power Consumption 
(Both Amplifiers) 
100 
170 
100 
no 
mW 


Transient 
Response 
(Unity 
Gain) 


Risetime 
VIN = 20mV, RL = 2.0kn, CL";; 100pF 
0.3 
0.3 
/-lS 


Overshoot 
5.0 
5.0 
% 


Slew Rate 
RL" 
2.0kn 
0.3 
0.5 
0.3 
0.5 
V//-ls 


Channel 
Separation 
RS = 50n. RL" 
10kn 
120 
120 
dB 


The Following 
Specifications 
Apply 
Oyer The Operatinjl 
Temperature 
Ranges 


Input Offset Voltage 
RS";;10kn 
7.5 
6. 
mV 


Input 
Offset 
Current 
TA MAX. 
9.0 
300 
7.0 
20e 
nA 
TA MIN. 
35 
300 
85 
500 


Input 
Bias Current 
TA M·AX. 
0.04 
0.8 
0.03 
O'r 
!-LA 
TA MIN. 
0.13 
0.8 
0.3 
1.~ 


Input 
Voltage 
Range 
±12 
±13 
±12 
±13 
I 
V 


Common 
Mode 
Rejection 
Ratio 
RS";; 10kn 
70 
90 
70 
90 
dB 


Supply Voltage Rejection Ratio 
RS";; 10kn 
30 
150 
30 
150 
!-LVIV 


Large-Sig'nal 
Voltage 
Gain 
RL" 
2.0kn, VOUT = ±10V 
15 
25 
V/mV 


Output Voltage Swing 
RL,,10kn 
±12 
±14 
±12 
±14 
'V 


RL" 
2.0kn 
±10 
±13 
±10 
±13 


Supply Current (Both Amplifiers) 
TA MAX. 
1.6 
3.3 
3.0 
5. 
mA 
TA MIN. 
1.8 
3.3 
4.0 
6. 


TA MAX. 
100 
170 
90 
190 
Power 
Consumption 
(Both 
Amplifiers) 
TA MIN. 
110 
200 
120 
2QO 
mW 


Notes: 
1. 
Derate 
Metal 
Can 
package 
at 6.8mW;oC 
for 
Qperation 
at ambient 
temperatures 
above 
30° C. 


2. 
For 
supply 
voltages 
less than 
± 15V, 
the 
absolute 
maximum 
input 
voltage 
is equal 
to 
the 
supply 
voltage. 
3. 
Sho~t circuit 
may 
be ground 
or either 
supply. 
Rating 
applies 
to 
+12SoC 
case temperature 
or 
+60°C 
ambient 
temperature 
for 
'each side. 


PERFORMANCE CURVES 
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Amplifier) 
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Amplifier) 
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LH2101A/LH2201A/LH2301A 


Distinctive 
Chara6teristics 


• 
Low offset 
voltage 


• 
Low offset 
current 


• 
Guaranteed 
drift characteristics 


• 
Offsets 
guaranteed 
over 
entire 
common 
mode 
and 
supply 
voltage ranges 


• 
Slew rate of 10V/Jls as a summing 
amplifier 


The 
LH2101A 
series are differential 
input, 
class AS 
output 
operational 
amplifiers. 
The 
inputs 
and 
outputs 
are protected 
against 
overload 
and 
the 
amplifiers 
may 
be frequency 
com- 


pensated 
with 
an external 
30pF 
capacitor. 
The combination 
of 


low-input 
currents,low-offset 
voltage, 
low noise, and versatility 
of 
compensation 
classify 
the 
LH2101A 
series amplifiers 
for 


low level and general purpose applications. 


The 
LH2101A 
series 
of 
dual 
operational 
amplifiers 
are two 


LM101A 
type 
op amps in a single hermetic 
package. They 
are 
functionally 
electrically 
and 
pin 
for 
pin 
equivalent 
to 
the 
National 
LH2101A 
series. Featuring 
all the same performance 


characteristics 
of 
the 
single, 
these 
duals 
offer 
in 
addition 


closer 
thermal 
tracking, 
lower 
weight, 
reduced 
insertion 
cost, 


and smaller size than two singles. 


The 
LH2101A 
is specified 
for 
operation 
over 
the 
_55°C 
to 


+125°C 
military 
temperature 
range. The LH2201A 
is specified 
for 
operation 
over 
the 
-25°C 
to 
+85°C 
temperature 
range. 
The 
LH2301 A is specified 
for operation 
over the 0° C to +70° C 


temperature 
range. 


CONNECTION 
DIAGRAMS 
Top Views 
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COMP.A 


BAL./COMP. 
A 
BAL.A 


INV.INPUT 
A 
NON-INV. 
INPUT B 


NON-INV. 
INV. INPUT B 
INPUT 
A 


v- 
BAL/COMP. 
B 


BAL. B 
OUTPUT 
COMPo 
B 


OUTPUT B 
v+B 


OUTPUT 


BALANCE 
COMPENSATION 


BALANCE 


OUTPUT 
COMPENSATION 


OUTPUT 


BALANCEI 
COMPENSATION 


Flat Package 


Part 
Package 
Temperature 
Order 
OUTPUT A 


Number 
Type 
Range 
Number 


V+A 


OUTPUT 
NC 


DIP 
O°C to +70°C 
LH2301.AD 


COMPo A 


LH2301A 
Flat Pak 
O°C to +70°C 
LH2301AF 


BAL.!CDMP. 
A 
BAL.A 


-25°C 
to +85°C 


tNV.INPUT 
A 
NON·INV. 


DIP 
LH2201AD 
INPUT B 


LH2201A 
Flat Pak 
-25°C 
to +85°C 
LH2201AF 


NON·INV. 


INPUT A 
lNV. INPUT B 


DIP 
_55°C 
to +125°C 
LH2101AD 
v- 
aAL/CaMP. 
B 


LH2101A 
Flat Pak 
-55°C 
to +125°C 
LH2101AF 
BAL 
B 


OUTPUT 


COMPo 
B 


OUTPUT B 
v+B 


LH21 01 A/LH2201 
A/LH2301 
A 


MAXIMUM 
RATINGS 


Supply 
Voltage 


LH2101A, 
LH2201A 


LH2301A 


Internal 
Power Dissipation 
INote 
1) 


Differential 
Input Voltage 


Input Voltage 
INote 
2) 


Output 
Short-Circuit 
Duration 


Operating 
Temperature 
Range 


LH2101A 
LH2201A 
LH2301A 


±22V 
±18V 


500mW 


±30V 


±15V 


Indefinite 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
60 sec.) 


-55°C 
to +125°C 
_25°C to +85°C 
O°C to +70°C 


-65°C 
to +150°C 


300°C 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C unless otherwise 
specified) 
INote 3) 
(Each Amplifier) 


Parameter 
(see definitions) 


LH2301A 
Min. 
Typ. 
Max_ 


LH2101A 
LH2201A 
Min_ 
Typ. 
Max. 


Input 
Offset 
Voltage 
RS <: 50kfl 
2.0 
7.5 
0.7 
2.0 
mV 


Input 
Offset 
Current 
3.0 
50 
1.5 
10 
nA 


Input Bias Current 
70 
250 
30 
75 
nA 


I nput Resistance 
0.5 
2.0 
1.5 
4.0 
Mfl 


Supply 
Current 
(Total 
Both Amplifiers) 
Vs = t20V 
3.6 
6.0 


Vs = '15V 
3.6 


mA 


6.0 


Large Signal 
VOltage 
Gain 
Vs = t15V, 
VOUT 
=! 
10V, 


25 
160 
50 
160 
V/mV 
RL > 2kfl 


Slew 
Rate 
Vs = t20V, 
AV 
= +1 
0.2 
0.5 
0.2 
0.5 
V/).ls 


The Following 
Specifications 
Apply Over The Operating 
Temperature 
Ranges 


Input 
Offset 
VOltage 
RS <: 50kfl 
10 
3.0 
mV 


Input 
Offset 
Current 
70 
20 
nA 


Average 
Temperature 
Coefficient 
of Input 
Offset 
Voltage 
TAIMIN) 
<: TA" 
TAIMAX) 
6.0 
30 
3.0 
15 
).lvtc 


25°C 
TA 
<:TA(MAX) 
0.01 
0.3 
0.01 
0.1 
nAtC 
Average 
Temperature 
Coefficient 
of I nput 
Offset 
Current 


TA(MIN) 
<:TA<:25°C 
0.02 
0.6 
0.02 
0.2 


Input 
Bia.s Current 
300 
100 
nA 


Large Signal 
Voltage 
Gain 
Vs =! 
15V, VOUT 
= !10V, 
25 
25 
V/mV 
RL> 
2kfl 


Vs = '20V 
~15 


Input 
Voltage 
Range 


Vs = ±15V 
+15,-12 
Volts 


Common 
Mode Rejection 
Ratio 
RS <: 50kfl 
70 
90 
80 
96 
dB 


Supply 
Voltage 
Rejection 
Ratio 
RS <: 50kfl 
70 
96 
80 
96 
dB 


Vs = ±15V, 
RL 
= 10kfl 
±12 
±14 
t12 
±14 
Output 
Voltage 
Swi n9 


RL = 2kfl 
±10 
±13 
±10 
±13 
Volts 


Supply Current 
(Total 
Both Amplifiers) 
T A = +125°C, 
Vs = +20V 
2.4 
5.0 
mA 


Notes: 
1. 
The 
maximum 
junction 
temperature 
of 
the 
LH2101A 
is 150°C, 
while 
that 
of the 
LH2201A 
and 
LH2301A 
is 100°C. 
For 
operating 
temperatures, 


devices 
in the 
flat 
package, 
the 
derating 
is based 
on 
a thermal 
resistance 
of 
185°C/W 
when 
mounted 
on a 1/16·inch-thick 
epoxy 
glass board 
with 
O.03-inch·wroe, 
2'"Ounce copper 
conductors. 
The 
thermal 
resistance 
of 
the 
dual·in-line 
package 
is 100oC/W. 
junction 
to ambient. 
2. 
For 
supply 
voltages 
less than 
±15V, 
the 
absolute 
maximum 
input 
voltage 
is equal 
to the 
supply 
voltage. 


3. 
These 
specifications 
apply 
for 
±5V"";; 
VS" 
+20V 
and 
-55°C.IIli; 
T A.IIli; 125°C, 
unless 
otherwise 
specified. 
With 
the 
LH2201 
A, 
however, 
all 
tempera- 


ture 
specifications 
are limited 
to 
_25°C 
<; T A <; 85°C. 
For 
the 
LH2301 
A these 
specifications 
apply 
for 
OoC <; T A" 
70°C, 
±5V 
and" 
Vs 
.,;;;±15V. 


Supply 
current 
and 
input 
voltage 
range 
are specified 
as Vs 
= ±5V 
for 
the 
LH2301A. 
C1 = 30pF 
unless 
otherwise 
specified. 


C,;;:~ 


Cs·JOpF 


Cl?: R~I.Sf2 
Cs" JOpF 
C2'" laC, 


Figure 2 


lIC·814 


Power supplies should be bypassed to ground at one point, minimum, on each card. More 
bypass points should be considered for five or more amplifiers on a single card. For appli- 
cations 
using feed-forward 
compensation, 
the power supply leads of each amplifier 
should 
be bypassed with low inductance capacitors. 
. 


Compensating 
for 
Stray 
Input Capacitance/Large 
Feedback 
Resistance 


ICsTRAY 


~ 
Al 


INPUT 
r 


The values given 
for 
the frequency 
compensation 
capacitor 
guarantee stability 
only 
for 


source resistances less than 10kn, stray capacitances 
on the summing junction 
less than 


5pF and capacitive 
loads smaller than 100pF. If any of 
these conditions 
is not met, it is 


necessary to use a larger compensation capacitor. Alternately, 
lead capacitors can be used 
in the feedback 
network 
to negate the effect 
of stray capacitance 
and large 
feedback 
resistors, or an RC network can be added to isolate capacitive loads. 
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Am592 


• 
The Am592 
and Am592C 
differential 
video amplifiers 


are functionally, 
electrically 
and pin-for-pin 
equivalent 


to the Signetics SE592 and N E592. 


• 
Bandwidths: 
40 to 120 MHz 


• 
Rise times: 
2.5 to 10 ns 


• 
Propagation 
delay: 
3.6 to 10 ns 


• 
100% reliability 
assurance testing 
in compliance 
with 


MI L-STD-883A 


FUNCTIONAL 
DESCRIPTION 


The Am592/Am592C 
is a monolithic, 
two stage, differential 


output, 
wideband 
video amplifier. 
It offers fixed gains of 100 


and 
400 
without 
external 
components 
and adjustable 
gains 
from 400 to 0 with one external 
resistor. 
The input 
stage has 


been 
designed 
so that 
with 
the 
addition 
of a few external 


reactive 
elements 
between 
the gain select terminals, 
the circuit 


can function' 
as a high pass, low pass, or band pass filter. This 


feature 
makes 
the 
circuit 
ideal 
for 
use as a video or pulse 


amplifier 
in communications, 
magnetic 
memories, 
display and 
video recorder 
systems. 


• 
Electrically 
tested 
and 
optically 
inspected 
dice 
for 
hybrid 
manufacturers 


• 
120 MHz bandwidth 


• 
Adjustable 
gains from 
0 to 400 
• 
Adjustable 
pass band 


• 
No frequency 
compensation 
required 


• 
Available 
in metal can, hermetic 
dual-in-line 
or plastic 
dual-in-line 
packages 


CONNECTION 
DIAGRAMS 
Top Views 


INPUT 2 
INPUT 1 


Part 
~ackage 
Temperature 
Order 
G,. 
G,' 


Number 
Type 
Range 
Number 


TO-100 
O°C to +70°C 
AM592HC 


DIP 
O°C to +70°C 
AM592DC 
Am592C 
Molded DIP 
O°C to +70°C 
AM592PC 


Dice 
O°C to +70°C 
LD592C 


TO-100 
-55°C 
to +125°C 
AM592HM 
Am592 
DIP 
-55°C 
to +125°C 
AM592DM 


Dice 
_55°C to +125°C 
LD592 


Am592 


ABSOLUTE MAXIMUM 
RATINGS 


Supply 
Voltage 


Differential 
Input Voltage 


Common 
Mode Input Voltage 


Output 
Current 


Operating 
Temperature 
Range 


Am592 
Am592C 
_55°C to +125°C 
O°C to + 70°C 


-65°C 
to +150°C 


±8V 


±5V 


±6V 


lOmA 


ELECTRICAL 
CHARACTERISTICS 
Standard 
Conditions 
(TA = +25°C, Vs = ±6V, VCM = 0 unless otherwise 
specified) 


Am592C 
Am592 
• 


Parameter 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Gain 1 
Note 1 
250 
400 
600 
300 
400 
500 
Differential 
Voltage 
Gain 
RL ~ 2kn, 
VOUT = 3V p-p 


110 
Gain 2 
Note 2 
80 
100 
120 
90 
100 


Gain 1 
Note 
1 
40 
40 


8andwidth 
MHz 
Gain 2 
Note 2 
90 
90 


Gain 1 
Note 1 
11 
11 


Rise Time 
VOUT = 1V p.p 
ns 
Gain 2 
Note 2 
6.0 
12 
6.0 
10 


Gain 1 
Note 1 
7.5 
7.5 


Propagation 
Delay 
VOUT 
= 1V p.p 
ns 
Gain 
2 
Note 2 
6.0 
10 
6.0 
10 


Gain 1 
Note 
1 
4.0 
4.0 


Input 
Resistance 
kn 
Gain 
2 
Note 2 
10 
30 
20 
30 


I nput Capacitance 
Gain 2 
Note 2 
2.0 
2.0 
pF 


Input 
Offset 
Current 
0.4 
5.0 
0.4 
3.0 
jJA 


I nput Bias Current 
9.0 
30 
9.0 
20 
jJA 


Input 
Noise Voltage 
8W 1kHz to 10kHz 
12 
12 
J.l,Vrms 


Input 
Voltage 
Range 
.1.0 
.1.0 
Volts 


Gain 2 
VCM. 
1V, F <100kHz 
60 
86 
60 
86 
Common 
Mode Rejection 
Ratio 
d8 


Gain 2 
VCM • 1V, F ~ 5MHz 
60 
60 


Supply 
Voltage 
Rejection 
Ratio 
Gain 2 
t>VS ~ .0.5V 
50 
80 
50 
80 
dB 


Output 
Offset 
Voltage 
Gain 3 
Note 3 
RL = ~ 
0.2 
0.75 
0.2 
0.75 
Volts 


Output 
Common 
Mode Voltage 
RL ~ ~ 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 
Volts 


Output 
Voltage 
Swing 
R L ~ 2kn, 
Single Ended 
3.0 
3.9 
3.0 
3.9 
Volts 


Output Resistance 
20 
20 
n 


Power Supply 
Current 
RL = ~ 
I 
16 
24 
16 
24 
mA 


Recommended 
Operating 
Supply 
Voltage 
(Vs 
:: ±6.0V) 


Notes: 
1. 
Gain 
select 
pins 
G1A 
and 
G18 
connected 
together. 


2. 
Gain 
select 
pins G2A 
and 
G28 
connected 
together. 
3. 
All gain select pins open. 


DISC/TAPE 
PHASE MODULATED 
READBACK 
SYSTEMS 
DIFFERENTIATION 
WITH 
HIGH 
COMMON 
MODE 
NOISE 
REJECTION 


'6 


O.2pF 


7 T:vo 
V, 


6 
0'1= 
'Kn 


-6 


vo(s);> ,.4 X 104 


v1 (s) 
Z(s) 
+ 2r e 


;;. 1.4X 104 


Z(s) 
+ 32 


FOR FREQUENCY F1 « 1/2" 
(32) C 


4 
dvi 
vo;> 1.4 X 10 C"dT 


Z NETWORK 
FILTER 
Vo (5) TRANSFER 
TYPE 
V, 
(5) FUNCTION 


R 
L 
1.4 X 104[_1_J 
~ 
LOWPASS 
L 
s + R/L 


R 
c 
1.4 X 104 [-_S_-J 
~~ 
HIGH PASS 
R 
s+ llRC 


R 
L 
C 
I 
1.4Xl04[ 
S 
] 
~I--<> 
BAND PASS 
--L-- 
s2 + R/Ls + l/LC 


L 


~ 


BAND REJECT 
1.4Xl04[ 
s2+1/LC 
J 


R 
s2 + l/LC 
+ s/RC 


c 


TEST CIRCUITS 


(TA = 25°C Unless Otherwise 
Noted) 


Am733/733C 


Distinctive 
Characteristics 
• 
The Am733 and Am733C 
differential 
video 
amplifiers 


are 
functionally, 
electrically 
and 
pin-for-pin 
equiva- 
lent to the Fairchild 
p.A733 and 733C. 


• 
Bandwidths: 
40 to 120 MHz 


• 
Rise Times: 2.5 to 10 ns 


• 
Propagation 
Delay: 3.6 to 10 ns 


FUNCTIONAL 
DESCRIPTION 


The Am733 is a monolithic 
two-stage differential 
input, emitter 
follower 
differential 
output 
video 
amplifier. 
Internal 
series- 


shunt feedback 
is used to obtain 
fixed 
gains of 10, 100 or 
400, and adjustable 
gains from 10 to 400 by the use of an 


external 
resistor. 


• 
100% reliability 
assurance 
testing 
in compliance 
with 
MIL STO 883. 


• 
Electrically 
tested 
and 
optically 
inspected 
dice 
for 
hybrid 
manufacturers. 


• 
Available 
in metal can, hermetic 
dual-in-line 
or 
hermetic 
flat packages. 


G1A 
G18 
GOtA 
G28 
~'-..--' 


GAIN 
SELECT 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 


Number 
Type 
Range 
Number 


TO-99 
aOc to +7aoC 
733HC 


Am733C 
DIP 
aOc to +7aoC 
733DC 


Dice 
aOc to +7aoC 
733XC 


TO-99 
-55°C 
to +125°C 
733HM 


DIP 
_55°C 
to +125°C 
733DM 
Am733 
Flat Pak 
-55°C 
to +125°C 
733FM 


Dice 
-55°C 
to +125°C 
733XM 


Typical 
Bandwidth 
@ 
25°C: 
65 
MHz 


Typical 
Gain 
@ 
25°C: 
54 
dB 


Typical 
Bandwidth 
@ 
1250C: 
57 MHz 


Typical 
Gain 
Loss 
@ 
1250C: 
1 dB 


CONNECTION 
DIAGRAMS 
Top Views 


NOTES: 


(1) 
On 
Metal 
Can, 


pin,S 
is connected 
to case. 


(2) 
On 
DIP, 
pin 
5 is connected 


to bottom 
of package 


(3) 
On 
Flat 
Package. 
pin 
4 is 


connected 
to baltom 
01 package. 


Supply 
Voltage 
---------- 
------ 
- -- ---- 


Differential 
Input Voltage 


Common 
Mode Input Voltage 


Output 
Current 


J 
Internal 
Power 
Dissipation 
(Nole 1) 


±8V 
----- 


±5V 
------ 


±6V 


10 mA 
----- 


500 mW 


Operating 
Temperature 
Range 
Am733C 
Am733 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
60 sec.) 


O°C to +70°C 


-55°C 
to +125°C 


-65°C 
to + 150°C 


ELECTRICAL 
CHARACTERISTICS 
(T" = 25°C, Vs = ±6.0 V unless otherwise 
specified) 


Parameter 
Am733C 


(see definitions) 
Conditions 
Min. 
Typ. 
Max. 
Min. 
Am733 
Typ. 
--- 
~ 
- 
---- 
,-- 
- 
Differential 
Voltage 
Gain 


Gain 1 (Note 2) 
250 
400 
600 


f 


300 
400 
500 
Gain 2 (Note 3) 
80 
100 
120 
90 
100 
110 


I 
Gain 3 (Note 4) 
8.0 
10 
12 
9.0 
10 
11 
- 
- 
- 
-_. 


Bandwidth 
Rs = son 
I 


Gain 1 
40 
40 
I 
MHz 


Gain 2 
90 
90 
MHz 
Gain 3 
120 
120 
MHz 


Risetime 
Rs = 50 n, 
Vou' ='1 
Vpp 
Gain 1 
10.5 
10.5 


I 


ns 
Gain 2 


I 


4.5 
12 


I 


4.5 
10 
ns 


Gain 3 
2.5 
2.5 
ns 


Propagation 
Delay 
Rs = 50 n, Vou! = 1 Vpp 
I 
I 


Gain 1 
7.5 
7.5 
ns 


I 


Gain 2 
6.0 
10 
6.0 
10 
ns 


Gain 3 
3.6 
3.6 
ns 


Input Resistance 


Gain 1 
4.0 
4.0 
kn 


I 
Gain 2 
10 
30 
20 
30 
kn 


Gain 3 
-l 
250 
250 
kn 


~pacitance 
Gain 2 
2.0 
2.0 
pF 


Input Offset Current 
0.4 
5.0 
0.4 
3.0 
pA 


Input Bias Current 
9.0 
30 
9.0 
20 
pA 


Input Noise Voltage 
Rs = 50 n, 
BW = 1 kHz to 10 MHz 
12 
I 
12 
pVrms 


Input Voltage 
Range 
±1.0 
±1.0 
V 


Common 
Mode Rejection 
Ratio 


i 


Gain 2 
Vcm = ±1 V, f $ 100 kHz 
60 
86 
60 
86 
dB 


Gain 2 
Vcm=±1V, 
f = 5 MHz 
60 
60 
dB 


Supply Voltage 
Rejection 
Ratio 
I 
Gain 2 
t,vs = ±0.5 V 
50 
70 
50 
70 
dB 


Output Offset Voltage 
I 


Gain 1 
0.6 
1.5 


I 


0.6 
1.5 
V 


Gain 2 and Gain 3 
0.35 
1.5 
0.35 
1.0 
V 


'Output 
Common 
Mode Voitage 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 
V 


Output Voltage 
Swing 
Single Ended 
3.0 
4.0 
3.0 
4.0 
Vpp 


Output Sink Current 
--- 
I 
2.5 
3.6 
2.5 
3.6 
mA 


Output 
Resistance 


j 


I 
20 
20 
n 
I 


. Power Supply Current 
I 
18 
24 
18 
24 
mA 


The Following 
Specifications 
Apply 
Over The Operating 
Temperature 
Ranges 


Differential 
Voltage 
Gain 


Gain 1 (Note 2) 
250 
400 
600 
200 
400 
600 


Gain 2 (Note 3) 
80 
100 
120 
80 
100 
120 


Gain 3 (Note 4) 
8.0 
10 
12 
8.0 
10 
12 


Input Resistance 


I 


Gain 1 
4.0 
4.0 
kn 
Gain 2 
8.0 
30 
8.0 
30 
kn 


Gain 3 
250 
250 
k!l 


Input Offset Current 
0.4 
6.0 
0.4 
5.0 
pA 


Input Bias Current 
9.0 
40 
9.0 
40 
pA 


Input Voltage 
Range 
±1.0 
±1.0 
V~ 


Parameter 
(see definitions) 


Am733C 
Min. 
Typ. 
Max. 
Am733 
Min. 
Typ. 
Max. 


r The Operating 
Temperature 
Ranges 


m = ±1 V, f < 1DO kHz 
50 
86 
50 
86 
dB 


s = ±0.5 V 
50 
70 
50 
70 
dB 


0.6 
1.5 
0.6 
1.5 
V 
0.35 
1.5 
0.35 
1.2 
V 


91e Ended 
2.8 
4.0 
2.5 
4.0 
Vpp 


2.5 
3.6 
2.2 
3.6 
mA 


27 
27 
mA 


The Following 
Specifications 
Apply Ove 


Common Mode Rejection 
Ratio 


Gain 2 
V, 


Supply Voltage Rejection 
Ratio 


Gain 2 
e:.V 


. Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 


Output Voltage Swing 
Sin 


Output Sink Current 


Power Supply Current 


Notes: 
1. 
Derate 
metal 
can package 
at 6.8 mWfC 
for operation 
at ambient 
temperatures 
above 
85°C 
and Dual In-Line 
package 
at 9 mWfC 
for operation 
at 


ambient 
temperatures 
above 
100° C. 
2. 
Gain Select 
pins G, A and G18 connected 
together. 


3. ,Gain Select 
pins G2A and G2B connected 
together. 
4. 
All 
Gain Select 
pins open. 


~OUTPUT 
1 
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Gain Vs. 


Frequency 
and 
Temperature 


I 


., 
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PERFORMANCE 
CURVES 
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Vs. Frequency 
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Am105/205/305/305A 
Voltage Regulator 


Distinctive 
Characteristics 


• 
ThE;!Am105/205/305/305A 
are functionally, 
electric- 
ally, 
and 
pin-for-pin 
equivalent 
to 
the 
National 
LM 
105/205/305/305A. 
• 
Output voltage 
adjustable 
from 4.5V to 40V. 


• 
Output 
currents 
in excess 
of 10A possible 
by adding 
external 
transistors. 


FUNCTIONAL 
DESCRIPTION 


The 
Am105/205/305/305A 
is 
a 
positive 
voltage 
regulator 
which 
can be used in the series, shunt, linear or switching 


modes of operation. The circuits 
feature low stand-by current 
drain, operation 
under minimum load conditions 
and an out- 


put current capability of up to 20 mA. 


• 
100% 
reliability 
assurance 
testing 
in compliance 
with 
MIL STD 883. 
• 
Electrically 
tested 
and 
optically 
inspected 
die 
for 
assemblers 
of hybrid 
products. 


CONNECTION 
DIAGRAM 
Top View 


Am105/205/305/305A 


MAXIMUM 
RATINGS 


Input Voltage Range 
Aml05/205/305A 
Am305 


Input-Output 
Voltage 
Differential 


Internal Power Dissipation 
(Note 
1) 


Metal Can (Similar to TO-99) 


50 V 
40 V 


40V 


Operating 
Temperature 
Range 


Aml05 
Am205 
Am305/305A 


-55°C 
to + 125°C 


-25°C 
to +85°C 


OOCto +70oC 


-65°C 
to + 150°C 


300°C 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
60 sec.) 


ELECTRICAL 
CHARACTERISTICS 
(T" = 25°C unless 


Parameter 
(see definitions) 


otherwise 
specified) 
(Nole 
2) 


Am305 
Min 
Typ 
Max 
Min 
Am305A 
Typ 
Max 


Am105 
Am205 


Typ 


Input Voltage Range 
I 
8.5 
40 
8.5 
50 
8.5 
50 
V 


Output Voltage Range 
I 
4.5 
30 
4.5 
40 
4.5 
40 
V 


Input-Output 
3.0 
30 
3.0 
30 
3.0 
30 
V 
Voltage Differential 


Line Regulation 
Vin - Vout 
~ 
5 V 


I 


0.025 
0.06 
0.025 
0.06 
0.025 
0.06 
%/V 


(Nole 
3) 
Vin - Vout 
~ 
5 V 
0.015 
0.03 
0.015 
0.03 
0.015 
0.03 
%/V 


Load Regulation 
0:0; 10:0; 12 mA 


(Note 
3) 
Rsc = 18 n, T" = 25°C 
0.02 
0.05 
0.02 
0.05 
% 


I 


Rsc = 15 n, T" = T,,(max) 
0.03 
0.1 


I 


% 


Rsc = 10 n, T" = T,,(max) 
0.03 
0.1 
% 


Rsc = 18n, 
T" = T,,(min) 
0.03' 
0.1 
0.03 
0.1 
% 


0:0; 10:0; 45 mA 


I 


Rsc = 0 n, T" = 25°C 
0.02 
0.2 
% 


Rsc = 0 n, T" = T" (max) 
0.03 
13.4 
% 


Rsc = 0 n, T" = T" (min) 
0.03 
0.4 
% 


Feedback Sense Voltage 
1.63 
1.70 
1.81 
1.55 
1.70 
1.85 
1.63 
1.70 
1.81 
V 


Ripple Rejection 
Cm = 10 pf, f = 120 Hz 
0.003 
0.01 
0.003 
0.003 
0.01 
%/V 


Output Noise Voltage 


I 


10 Hz :0;f :0;10 kHz 


I 
C'EF = 0 
0.005 
0.005 
0.005 
% 


C.EF> 
0.1 pf 
0.002 
0.002 
0.002 
% 


Standby Current Drain 
V;n= 40 V 
0.8 
2.0 
Vin = 50 V 
I 
0.8 
2.0 
0.8 
2.0 
mA 


Long Term Stability 
I 
0.1 
1.0 
0.1 
1.0 
0.1 
1.0 
% 


Temperature 
Stability 
0.3 
1.0 
0.3 
1.0 
0.3 
1.0 
% 


Current Limit Sense 
Rsc = lOn, 
T" = 25°C 
225 
300 
375 
225 
300 
375 
225 
300 
375 
mV 
Voltage 
(Note 
4) 
Va"~= OV 


Notes: 
1. Derate Metal Can package at 6.8rnWfC 
for operation 
at ambient 
temperatures 
above 25° C. 


2. 
These 
specifications 
apply 
over 
the 
operating 
temperature 
range, 
for 
input 
and 
output 
voltages 
within 
the 
ranges 
given, 
and 
for 
a divider 
impedance 


seen by 
the 
feedback 
terminal 
of 2kn. 
unless 
otherwise 
specified. 
The 
load 
and 
tine 
regulation 
specifications 
are for 
constant 
junction 
temperature. 


Temperature 
drift 
effects 
must 
be taken 
into 
account 
separately 
when 
the 
unit 
is operating 
under 
conditions 
of 
high 
dissipation. 


3. 
The 
output 
currents 
given, 
as well 
as the 
load 
regulation, 
can 
be increased 
by 
the 
addition 
of external 
transistors. 
The 
improvement 
factor 
will 
be 


roughly 
equal 
to the 
composite 
current 
gain 
of 
the 
added 
transistors. 


4. 
With 
no external 
pass transistor. 


5. 
Connect 
booster 
output 
to 
unregulated 
input 
when 
no external 
pass transistor 
is used. 


PERFORMANCE 
CURVES 


Standby 
Current 
Drain 
Load Regulation 
As A Function Of 
Characteristics 
With 
Input Voltage 
Load Regulation 
Current 
Limiting 
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Am723/723C 


• 
Description: 
The Am723 alJd Am723C 
monolithic 
voltage 
regulators 
are functionally 
and electrically 
equivalent 
to 
the 
Fairchild 
p.A723 and p.A723C. Both 
are available 
in 
the 
hermetic 
dual-in-line 
and 
metal 
can 
packages 
and 
are 
pin 
for 
pin 
replacements 
for 
the 
Fairchild 
p.A723 
and p.A723C. 


Distinctive 
Characteristics: 
100% 
reliability 
assurance 
testing 
including 
high-temperature 
bake, 
temperature 


cycling, 
centrifuge 
and fine 
leak 
hermeticity 
testing 
in 
compliance 
with MIL-STO-883. 


Electrically 
tested 
and optically 
inspected 
dice 
for the 


assemblers 
of hybrid 
products. 


FUNCTIONAL 
DESCRIPTION 


The Am723 is i~tended 
for use with positive or negative supplies 
as a series. 
shunt. 
switching 
or floating 
regulator. 
It is appli- 


cable 
to remote 
shutdown 
and current 
limiting 
operations 
and 


will 
accept 
either 
PNP 
or 
NPN 
external 
pass 
elements 
to 
increase 
output 
current 
capability. 


APPLICATIONS 
REMOTE 
SHUTDOWN 
REGULATOR 
WITH CURRENT 
LIMITING 
(V""t = 2 to 7 Volts) 


ORDERING 
INFORMATION 


Part 
Package 
Temperature 
Order 


Number 
Tvpe 
Range 
Number 


DIP 
O°C to +70°C 
723DC 


Am723C 
Metal Can 
O°C to +70 C 
723HC 
Molded DIP 
O°C to +70°C 
723PC 


Dice 
O°C to +70°C 
723XC 


DIP 
_55°C to +125'C 
723DM 
Am723 
Metal Can 
_55°C to +125°C 
723HM 
Dice 
_55°C to +125°C 
723XM 


CONNECTION 
DIAGRAMS 
Top View. 


Ne 
CUII'UNTlIMll 


CUIIIl(NT$ENSE 


INVElIlIP+(;IN!'UT 
4 


NON lNVEIITI"'G 


I"'PUT 
VRH,- 


Am723/723C 


MAXIMUM 
RATINGS 


Pulse Voltage from V· to V- (50 msec) 
---~- 
~- 
--- 


Continuous Voltage from V I to V- 
------------------------ 


Input-Output 
Voltage 
Differential 


Maximum Output Current 


Current 
from V" 


Current 
from VREF 


Internal 
Power Dissipation 
(Note1) 


Metal Can 
DIP 


50V 


40 V 


40 V 


150 mA 


25 mA 


15mA 


Operating 
Temperature 
Range 


Am723C 
Am723 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
60 sec.) 


O°C to +70°C 
-55°C 
to +125°C 


-65°C 
to +150·C 


300·C 


ELECTRICAL 
CHARACTERISTICS 
(TA = 25°C unless otherwise 
specified) 
(Nole 2) 


Parameter 
Am723C 


(see definitions) 
Conditions 
Min 
Typ 
Max 
---- 
Line Regulation 
V,,,,= 12 V to V'N = 15 V 


(Nole3) 
V'N = 12 V to V'N = 40 V------ 


Load Regulation 
(Nole3) 
I, = 1 mA to I, = 50 mA 
-- 
--- 
~ 
-~ 
- 
- - 
--- 


Ripple Rejection 
f = 50 Hz to 10kHz, Cm = 0 
f = 50 Hz to 10kHz, Cm = 5 pF 
- 
- 


Rsc = 10 n, Your = 0 


Am723 
Min 
Typ 
Max 
--- 


0.01 
0.1 
0.01 
0.1 
% Your 


0.1 
0.5 
0.02 
0.2 
% Your 


0.03 
0.2 
0.03 
0.15 
% VOUT 
- 
~ 
- 
- 
- 
- 


74 
74 
dB 
86 
86 
dB 
- 
-- 
-- 
- 


65 
65 
mA 


7.15 
7.50 
6.95 
7.15 
7.35 
Ii 
---- 


20 
20 
jlVrms 


2.5 
2.5 
JlVrms 
- 
- 
- 
- - 
0.1 
0.1 
%/1000 hrs 
---- 


2.3 
4.0 
2.3 
3.5 
mA 
-- 
- 


40 
9.5 
40 
V 
- 
-- 
- 


37 
2.0 
37 
V 


-- - 
---- 


38 
3.0 
38 
V 
~- 
- 
-- 


- 
" f 


0.3 
% Your 
- 


0.6 
0.6 
% Your 
- 
------ 


0.003 
0015 
0.002 
0.015 
%/oC 


-- 


Reference Voltage 
-- 
- ---- 


Output Noise Voltage 
BW = 100 Hz to 10 kHz, Cm = 0 
BW = 100 Hz to 10 kHz, Cm = 5 pF 


Long Term Stability 
---------- 


Standby Current Drain 
----- 


Input Voltage Range 


Output Voltage Range 


Input-Output 
Voltage 
Differential 


--- 
.- 


Line Regulation 


Load Regulation 
- 
----- 


Average Temperature 
Coefficient 
of Output Voltage 


V,~ =12\110 V'N = 15 V 
-- 
--- 


Ie= 1 mA to I, = 50 mA 


Notes: 
1. 
Derate 
.Metal 
Can 
package 
at 
6.8 omwl'c 
for 
operation 
at 
ambient 
temperatures 
above 
2SoC 
and 
Dual-In-L"'ne 
package 
at 9 mW/oC 
for 
operation 


at ambIent 
te~peratur.e~ 
above 
50 
Co 


2. 
Unless 
otherWise 
specIfied, 
T A 
= 
25 
C. VIN 
"'" V+ 
= Vc 
= 12 
V. 
v- 
= 0 V. 
Vout 
-= 5 V, 
I L = 1 mA. 
RSC 
= 0, CI = 100 
pF, 
CREF 
= 0 and 
divider 
impedance 
as seen by error 
amplifier 
'::;10 kH when 
connected 
as shown 
in Fig. 3. 


3. 
The 
load 
8. 
line 
regulation 
specifications 
are 
for 
constant 
junction 
temperature. 
Temperature 
drift 
effects 
must 
be taken 
into 
account 
separately 
when 
the 
unit 
is operating 
under 
conditions 
of 
high 
dissipation. 


PERFORMANCE 
CURVES 


Maximum Load Current 
Standby Current Drain 
As A Function Of 
Load Regulation 
As A Function Of 
Input-Output 
Voltage 
Characteristics 
With 
Input Voltage 
Differential 
Current Limiting 
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PACKAGE OUTLINES 


¢oq 
00'1 


RHERENCE ~ll 
PLANE 
t 


SEATING 
O' 
- 
L, 
l2 


PLANE 
"""",....m 0 0 00 
t I 


H-B-l 
H-1D-l 
G-12-1 
Parameters 
MIn. 
Max. 
Min. 
Max. 
Mm. 
Max. 


A 
.165 
.185 
.165 
.185 
.155 
.180 


e 
.185 
.215 
.215 
.245 
.390 
.410 


el 
.090 
.110 
.105 
.125 
.090 
.110 


F 
.013 
.033 
.013 
.033 
.020 
.030 


k 
.027 
.034 
.027 
.034 
.024 
.034 


kl 
.027 
.045 
.027 
.045 
.024 
.038 


L 
.500 
.570 
.500 
.610 
.500 
.600 


Ll 
.050 
.050 


L2 
.250 
.250 


Ct 
45° sse 
36° sse 
45° 


¢b 
.016 
.019 
.016 
.019 


¢bl 
.016 
.021 
.016 
.021 
.016 
.021 


¢D 
.350 
.370 
.350 
.370 
.590 
.610 


¢Dl 
.305 
.335 
.305 
.335 
.540 
.560 


¢D2 
.120 
.160 
.120 
.160 
.390 
.410 


Q 
.015 
.045 
.015 
.045 


Noles: 
1. Standard 
lead finish is brighl 
acid lin piale Dr gold plale. 


2. </lbapplies 
between 
L, and L2. </lb, applies 
between 
L, and 0.500·· 


beyond reference ~ane. 
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T~O 
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A.. 
.--l..- 
SEATING 


E . 
PLANE 
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1 
c 


l 
-j. 


P-24-1 
24-LEAD 
MOLDED 
DUAL-iN-LINE 
TFl 
L~ 


~~s 


P-14-1 
14-LEAD 
MOLDED 
DUAL-iN-LINE 
(TO-116) 


Ie::::::1 


bl~ 
~ 
~ 
f--s 


'fA~- 
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...1S0ATlNB 


PLANE 
I 
o 
' 


l --j. f-- 
--if-- b 
I--02-1 


P-20-1 
20-LEAD 
MOLDED 
DUAL-IN-L1NE 


P-28-1 
28-LEAD 
MOLDED 
DUAL-iN-LINE 


n~::::::::::::1 
s.:.....:lL 
SEATING 


A 
I 
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9 
iN I0 
I 
~+rm,~ 
T 
-j.1--~ 
., •..-jl-- 
I-- O 
2 
---\ 


P-8-1 
P-14-1 
P-16-1 
P-20-1 
P-24-1 
P-28-1 
Parameters 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
.150 
.200 
.150 
.200 
.150 
.200 
.150 
.200 
.170 
.215 
.150 
.200 


b 
.015 
.022 
.015 
.020 
.015 
.020 
.015 
.020 
.015 
.020 
.015 
.020 


b1 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 


c 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 


0 
.375 
.395 
.745 
.775 
.745 
.775 
1.010 
1.050 
1.240 
1.270 
1.450 
1.480 


E 
.240 
.260 
.240 
.260 
.240 
.260 
.250 
.290 
.515 
.540 
.530 
.550 


E2 
.310 
.385 
.310 
.385 
.310 
.385 
.310 
.385 
.585 
.700 
.585 
.700 


e 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 


L 
.125 
.150 
.125 
.150 
.125 
.150 
.125 
.150 
.125 
.160 
.125 
.160 
- 


Q 
.015 
.060 
.015 
.060 
.015 
.060 
.015 
.060 
.015 
.060 
.015 
.060 


51 
.010 
.030 
.040 
.065 
.010 
.040 
.025 
.055 
.035 
065 
.040 
.070 


D-8-1 
8-LEAD 
HERMETIC 
DUAL-iN-LINE 


tD-14-3 


14-LEAD 
METAL 
HE~METIC 
DUAL-iN-LINE 


D-14-1 
14-LEAD 
HERMETIC 
DUAL-iN-LINE 
D" 
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-I. ~ -+, 
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S l. 


D-16-1 
16-LEAD 
HERMETIC 
DUAL-IN-L1NE 
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DUAL-iN-LINE 
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,- 
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D-24-1 
24-LEAD 
HERMETiC 
DUAL-iN-LINE 
D-28-1 
28-LEAD 
HERMETIC 
DUAL-iN-LINE 


I" 
, 
1 t::::::::::::::1 


__ 
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ISEATINGf~ 


PLANE 
, 
I 


0-14-3 


Parameters 
0-8-1 
0-14-1 
(Note 2) 
0-16-1 
0-20-1 
0-24-1 
0-28-1 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
.130 
.200 
.130 
.200 
.100 
.200 
.130 
.200 
.140 
.220 
.150 
.225 
.150 
.225 


b 
.016 
.020 
.016 
.020 
.015 
.023 
.016 
.020 
.016 
.020 
.016 
.020 
.016 
.020 


bl 
.050 
.070 
.050 
.070 
.030 
.070 
.050 
.070 
.050 
.070 
.045 
.065 
.045 
.065 


c 
.009 
.011 
.009 
.011 
008 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.012 


0 
.370 
.400 
.745 
.785 
.660 
.785 
.745 
.785 
935 
.970 
1.230 
1.285 
1.440 
1.490 


E 
.240 
.285 
.240 
.285 
.230 
.265 
.240 
.310 
.245 
.285 
.510 
.545 
.510 
.545 


El 
.300 
.320 
.290 
.320 
.290 
.310 
.290 
.320 
.290 
.320 
.600 
.620 
.600 
.620 


e 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 


L 
.125 
.150 
.125 
.150 
.100 
.150 
.125 
.150 
.125 
.150 
.120 
.150 
.125 
.150 


a 
.015 
.060 
.015 
.060 
.020 
.080 
.015 
.060 
.015 
.060 
.015 
.060 
.015 
.060 


51 
.004 
.010 
.020 
.005 
.005 
.010 
.010 


" 


3- 
13- 
3- 
13- 
3- 
13- 
3- 
13- 
3- 
13- 
3- 
13- 
3- 
13- 


F-10-1 


10-LEAD 
CERPAK 
tF-10-2 
10-LEAD 
FLAT 
PACKAGE 
F-14-1 


14-LEAD 
CERPAK 


s :--l--I-II- ' 
r~L·':"I~~-D' 


L__ 
~ 
! 
L,,-----jr----r 


A-L 
' 
--\ 
c,,=r-+ 


F-16-1 


16-LEAD 
CERPAK 
F-20-1 


20-LEAD 
CERPAK 


F-24-1 
24-LEAD 
CERPAK 
F-28-2 
28-LEAD 
FLAT 
PACKAGE 


F-l0-l 
F-1D-2 
F-14-1 
F-16-1 
F-2D-l 
F-24-1 
F-28-1 
Parameters 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
.045 
.080 
.045 
.080 
.045 
.080 
.045 
.085 
.045 
.085 
.050 
.090 
.045 
.080 


b 
.015 
.019 
.012 
.019 
.015 
.019 
.015 
.019 
.015 
.019 
.015 
.019 
.015 
.019 


C 
.004 
.006 
.003 
.006 
.004 
.006 
.004 
.006 
.004 
.006 
.004 
.006 
.003 
.006 


0 
.230 
.255 
.235 
.275 
.230 
.255 
.370 
.425 
.490 
.520 
.580 
.620 
.360 
.410 


0, 
.275 
,410 


E 
.240 
.260 
.240 
.260 
.240 
.260 
.245 
.285 
.245 
.285 
.360 
.385 
.360 
.410 


E, 
.275 
.280 
.275 
.290 
.290 
.410 
.410 


e 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 


L 
.300 
.370 
.300 
.370 
.300 
.370 
.300 
.370 
.300 
.370 
.265 
.320 
.270 
.320 


L, 
.920 
.980 
.920 
.980 
.920 
.980 
.920 
.980 
.920 
.980 
.920 
.980 
.955 
1.000 


Q 
.010 
.040 
.010 
.040 
.010 
.040 
.020 
.040 
.020 
.040 
.020 
.040 
.010 
.040 


S, 
.005 
.005 
.005 
.005 
.005 
.005 
0 


Average 
Temperature 
Coefficient 
of 
Input 
Offset 
Current 
- 
The 
ratio 
of 
the 
change 
in input 
offset 
current, 
over 


the 
operating 
temperature 
range, 
to the 
operating 
temperature 
range. 
(pAtC) 


b.VOS/b.T 
A 
• 
Average 
Temperature 
Coefficient 
of 
Input 
Offset 
Voltage 
- 
The 
ratio 
of 
the 
change 
in input 
offset 
voltage, 
over 
the 
operating 
temperature 
range, 
to the 
operating 
temperature 
range. 
(/.lVtC) 


Bandwidth 
- 
The 
frequency 
at which 
the 
gain 
of the 
device 
is 3 dB below 
its low 
frequency 
value. 


Channel 
Separation 
- 
The 
log of the 
ratio 
of the 
input 
of an undriven 
amplifier 
to the 
output 
of an adjacent 
driven 
amplifier. 
(dB) 


Clamped 
Output 
High 
Voltage 
- 
The 
voltage 
potential 
necessary 
to 
turn 
on 
(forward 
bias) 
the 
clamping 
diode 
on 
the 
output 
pin. 
(V) 


Clamped 
Output 
Low 
Voltage 
- 
The 
voltage 
potential 
necessary 
to 
turn 
off 
(reverse 
bias) 
the 
clamping 
diode 
on 
the 
output 
pin. 
(V) 


Clock 
Frequency 
- 
The 
reciprocal 
of the 
clock 
period; 
the 
clock 
repetition 
rate. 


Clock 
Input, 
Amplitude 
- 
The 
peak 
amplitude 
of the 
clock 
signal. 


Clock 
Input, 
Width 
- 
The 
time 
duration 
of the 
clock 
pulse. 


Common 
Mode 
Gain 
- 
The 
ratio 
of the 
output 
voltage 
change 
to the 
input 
common 
mode 
voltage 
producing 
that 


change. 


Common 
Mode 
Input 
Overload 
Recovery 
Time 
- 
The 
time 
delay 
between 
removal 
of an input 
common 
mode 
vol- 


tage 
outside 
the 
input 
common 
mode 
range, 
and 
resumption 
of normal 
device 
operation. 
(ns) 


Common 
Mode 
Input 
Resistance 
- 
The 
value 
of 
resistance 
with 
respect 
to 
a common 
mode 
signal, 
seen 
when 
looking 
into 
both 
inputs. 
(n) 


Common 
Mode 
Input 
Voltage 
Swing 
- 
The 
peak 
value 
of the 
common 
mode 
input 
voltage 
at which 
the 
device 
will 


operate 
in a linear 
fashion. 
(V) 


Common 
Mode 
Output 
Voltage 
- 
The 
output 
voltage 
resulting 
from 
the 
application 
of a voltage 
common 
to both 
inputs 
and 
the 
average 
of the 
two 
output 
voltages 
of a differential 
output 
amplifier. 
(V) 


Common 
Mode 
Rejection 
Ratio 
- 
The 
ratio 
of the 
change 
in input 
offset 
voltage 
to the 
total 
change 
in common 
mode 
voltage 
producing 
it. (dB) 


Common 
Mode 
Voltage 
- 
The 
arithmetic 
mean 
of the 
voltage 
present 
at the 
differential 
inputs 
with 
respect 
to the 
device 
ground 
reference. 
(V) 


Delay 
Time 
- 
See 
Propagation 
Delay. 
(ns) 


Differential 
Input 
Bias 
Current 
- 
The 
current 
required 
in the 
differential 
input 
stage 
to 
bias 
the 
stage 
into 
oper- 
ation. 


Differential 
Input 
Capacitance 
- 
The 
effective 
capacitance 
between 
the 
two 
inputs, 
operating 
open 
loop. 


Differential 
Input 
Impedance 
- 
The 
impedance 
seen 
looking 
between 
the 
input 
terminals. 


Differential 
Input 
Offset 
Current 
- 
The 
difference 
in currents 
required 
by the 
transistors 
in the 
input 
stage 
to bias 


the 
input 
stage 
to 
its quiescent 
operation 
point. 


Differential 
Input 
Overload 
Recovery 
Time 
- 
The 
time 
delay 
between 
removal 
of a differential 
input 
voltage 
that 


exceeds 
the 
differential 
input 
voltage 
operating 
range, 
and 
resumption 
of normal 
device 
operation. 


Differential 
Input 
Resistance 
- 
The 
effective 
resistance 
between 
the 
two 
inputs, 
operating 
open 
loop. 


Differential 
Input 
Threshold 
Voltage 
- 
The 
voltage 
difference 
between 
the 
+ and 
- 
inputs 
required 
to guarantee 


the 
output 
logic 
state. 


Differential 
Input 
Voltage 
Range 
- 
The 
range 
of voltage 
applied 
between 
the 
input 
terminals 
for which 
operation 
remains 
within 
specifications. 


Differential 
Load 
Rejection 
- 
The 
ratio 
of 
the 
change 
in input 
offset 
voltage 
to 
the 
change 
in differential 
load 


current. 


Differential 
Output 
Resistance 
- 
The 
resistance 
measured 
between 
the 
two 
output 
terminals. 


Differential 
Output 
Voltage 
Swing 
- 
The 
peak 
differential 
output 
voltage 
that 
can 
be obtained 
without 
clipping 


the 
output 
voltage 
waveform. 


Differential 
Voltage 
Gain 
- 
The 
ratio 
of 
the 
change 
in differential 
output 
voltage 
to 
the 
change 
in differential 
input 
voltage. 


Dropout 
Voltage 
- 
The 
input-output 
voltage 
differential 
that 
causes 
the 
output 
voltage 
to 
decrease 
by 
5% of 
its 


initial 
value. 
(V) 


I 


IBIAS 


CIN 


VIH 
Vc 


llloslllT 
llV,llt 


VOS 


Enable 
HIGH - The delay time from a control 
input change to the three-state 
output 
high-impedance 
to HIGH- 


level transition. 


Enable 
LOW - 
The delay time from a control 
input change to the three-state 
output 
high-impedance 
to LOW-level 


"transition. 


Equivalent 
Input 
Noise Current 
- 
The input 
noise current 
that would reproduce 
the noise seen at the output 
if all 
amplifier 
noise sources were set to zero and the source 
impedances 
were large compared 
to the optimum 
source 


impedance. 
(pA/y'Hz) 


Equivalent 
Input 
Noise Voltage 
- 
The input 
noise voltage that would reproduce 
the noise seen at the output 
if all 


amplifier 
noise sources and the source resistances 
were set to zero. (nV Iy'Hz) 


Fall Time 
- 
The time 
required 
for the 
signal to fall from 90% to 10% of its output 
value into a specified 
load 
network. 
(ns) 


Feedback 
Capacitance 
- The effective value of the capacitive 
coupl ing from output 
to input. 


Feedback 
Sense Voltage - The voltage measured 
on the feedback 
terminal 
of the regulator, 
with respect to ground, 


when the device is operating 
in regulation. 
(V) 


Frequency 
Response 
- The frequency 
at which the output 
drops to 0.707 of its low frequency 
value. 


Gain Bandwidth 
Product 
- 
The frequency 
at which the small signal ac gain of the device reduces to unity. 
(MHz) 


HIGH - Applying to a HIGH voltage level. 


High Frequency 
Current 
Gain - The small signal ac current 
gain at a specified frequency. 


HIGH to Disable 
- 
The delay 
time 
from 
a control 
input 
change 
to the three-state 
output 
HIGH-level to high- 


impedance 
transition 
(measured 
at 0.5V change). 


Hold Time - 
The time interval for which 
a signal must be retained 
at one input after an active transition 
occurs at 
another 
input terminal. 


Hysteresis 
- 
The voltage difference 
between 
the switching 
points 
of the device. See Lower Input 
Threshold 
Vol- 


tage and Upper Input Threshold 
Voltage. 


Input. 
Input Bias Current 
- The average of the two input currents 
with no signal applied. 
(nA or pAl 


Input 
Bias Current 
Drift - The change 
in input bias current 
with temperature 
supply 
voltage, 
or time. 
(lll BIASI 


llT,llVs,llt) 


Input Capacitance 
- The equivalent 
capacitance 
of either input with the other input grounded. 
(pF) 


Input HIGH Voltage - The range of input voltages that represents 
a logic HIGH in the system. 


Input 
Clamp Diode Voltage 
- 
The most negative voltage at an input when 18 mA is forced 
out of that input term- 


inal. This parameter 
guarantees 
the integrity 
of the input diode which is intended 
to clamp negative ringing at the 


input terminal. 


Input 
Common 
Mode Voltage 
Range - 
The range of common 
mode input voltage over which the device will oper- 
ate within specifications. 
(V) 


Input Current 
- The current 
flowing into the input with a specified voltage applied to the input. 


Input 
Current 
at Maximum 
Input 
Voltage 
- 
The current 
into a TTL or DTL input with the absolute 
maximum 


allowed input voltage applied to the input. 


Input 
Forward 
Current 
- See Input LOW Current. 


Input HIGH Current 
- The current 
flowing out of an input when a specified 
LOW voltage is applied. 


Input HIGH Voltage - The range of input voltages that represents 
a logic HIGH in the system. 


Input 
Latch Voltage - See Input Clamp Diode Voltage. 


Input 
LOW Current 
- The current 
flowing out of an input when a specified 
LOW voltage is applied. 


Input 
LOW Voltage - The range of input voltages that represents 
a logic LOW in the system. 


Input 
Noise Voltage 
- 
The rms noise voltage present 
at the amplifier 
output 
divided by the gain of the amplifier, 


measured 
with the inputs connected 
to ground through 
a low resistance.(en) 


Input 
Offset Current 
- The difference 
in current 
into the two input terminals 
with the output 
voltage at zero. In a 


comparator, 
it is the difference 
between 
the two 
input 
currents 
with the output 
at the logic threshold 
voltage. 


Also, it is defined 
as the difference 
in input currents 
required 
to give equal output 
currents 
from a matched 
pair of 
devices. (nA or pAl 


Input 
Offset 
Current 
Drift 
- 
The change 
in input 
offset 
current 
pmduced 
with 
time, 
voltage 
or temperature. 


llV,llt 
(pAfC, 
V, s) 


VIN 


VIN(MIN) 


VIN 


IOH 


VOH 


Zo 


ICEX 


ators, 
it is the voltage applied 
to the input terminals 
to give the logic threshold 
voltage at the output. 
It is also de- 
fined as the input voltage differential 
required 
to give equal output 
currents 
from a matched 
pair of devices. (mV) 


In~ut Offset Voltage 
Drift - 
The change 
in input offset 
voltage with time, voltage or temperature. 
(/lVfc, V,s) 


Input-Output 
Voltage 
Differential 
- 
The voltage range between 
the unregulated 
input voltage and the regulated 


output 
voltage in which a regulator 
operates 
within specifications. 


Input 
Resistance 
- 
The 
equivalent 
resistance 
seen looking 
into 
either 
input 
terminal 
with the 
other 
terminal 


grounded. 
(MSl) 


Input Reverse Current 
- See Input HIGH Current. 
(/lA) 


Input to Output 
Delay - See Propagation 
Delay. 


Input Voltage - The voltage potential 
between 
the input terminal 
and the device ground 
reference. 
(V) 


Input Voltage (Min) - The minimum 
voltage required 
to bias the reference 
to specification 
limits. (V) 


Input 
Voltage 
Range - 
The range of voltage on an input terminal 
over which the device operates 
as specified. 
(V) 


Large Signal Voltage 
Gain - 
The ratio of the output 
voltage swing to the change in input voltage required 
to drive 
the output 
from zero to this voltage. 


Line Regulation 
- The change in output 
voltage for a specified change in input voltage. (mV or %) 


Linearity 
- The deviation 
of the characteristic 
from a straight 
line. 


Load Regulation 
- The change in output 
voltage for a specified change in load current. 
(mV or %) 


LOW - Applying to a LOW voltage level. 


LOW to Disable 
- 
The delay 
time from a control 
input change to the three-state 
output 
LOW-level to high-im- 


pedance 
transition 
(measured 
at O.5V change). 


Maximum 
input 
LOW voltage - 
The maximum 
allowed 
input 
LOW in a system. This value represents 
the guaran- 


teed input 
LOW threshold 
for the device. 


Minimum 
input 
HIGH Voltage 
- 
The minimum 
allowed 
input 
HIGH in a logic system. 
This value represents 
the 
guaranteed 
input HIGH threshold 
for the device. 


Negative-going 
Threshold 
Voltage 
- 
The input 
voltage of a variable threshold 
device that 
is interpreted 
as a V IL 


as the input transition 
falls from above VT +(MAX) 


Negative Current 
- Current 
flowing out of the device. 


Noise Figure - 
The ratio of the input signal-to-noise 
ratio to the output 
signal-to-noise 
ratio. Usually expressed 
as 


common 
log. (dB) 


1/F Noise - 
The noise measured 
at a specified 
low frequency 
below the frequency 
range where the device noise 


spectrum 
is essentially 
flat. (nV) 


Open 
Loop Voltage 
Gain - 
The ratio of the output 
signal voltage to the differential 
input signal voltage, with no 
feedback 
applied. 
(dB or V/mV) 


Oscillator 
Control 
Sensitivity 
- 
The ratio of the change 
in oscillator 
frequency 
to the change 
in control 
voltage 
causing it. 
Oscillator 
Pull-In Range - 
The range of free-running 
frequency 
over which the oscillator 
is locked to the incoming 


signal. 


Output. 


Output 
Common 
Mode Voltage 
- 
The arithmetic 
mean of the two output 
voltages for devices with differential 


outputs. 


Output 
High Current 
- The current 
flowing out of an output 
which is in the HIGH state. 


Output 
HIGH Voltage 
- 
The minimum 
voltage at an output 
terminal 
for the specified output 
current 
IOH and at 


the minimum 
value of VCC. 


Output 
Low Voltage 
- 
The maximum 
voltage at an output 
terminal 
sinking the maximum 
specified 
load current 


IOL and at the minimum 
value of VCC· 


Output 
Impedance 
- The equivalent 
impedance 
seen looking into the output 
terminal. 
In) 


Output 
Leakage Current 
- 
The leakage current 
into the output 
transistor 
at the specified output 
voltage potential 


for uncommitted 
or open-collector 
outputs. 
(liA) 


Output 
LOW Current 
- The current 
flowing into an output 
which is in the LOW state. 


ISINK 


VOUT 


f',.VOUT 


±VOUT 


IREF 


VREF 


IRIN 


Output 
Noise Voltage 
- 
The rms value of the noise voltage measured 
at the output 
with constant 
load current 
and 
no input ripple. (MV) 


Output 
Off Current 
HIGH - 
The current 
flowing into a disabled 3-state output 
with a specified 
HIGH output 
vol- 


tage applied. 


Output 
Off Current 
LOW - 
The current 
flowing out of a disabled 
3-state output 
with a specified 
LOW output 
vol- 
tage applied. 


Output 
Offset Voltage - The voltage difference 
between 
the two outputs 
with both inputs grounded. 


Output 
Resistance 
- 
The small signal ac resistance 
seen looking into the output 
with no feedback 
applied and the 
output 
dc voltage near zero. For comparators, 
it is the resistance 
seen looking into the output 
with the dc output 


level at the logic threshold. 
(n) 


Output 
Saturation 
Voltage - The dc voltage between 
output 
and ground 
in the saturated 
condition. 


Output 
Short 
Circuit Current 
- The current 
flowing out of an output 
which is in the HIGH state when that output 
is short circuited 
to ground 
(or other specified potential). 


Output 
Sink Current 
- The maximum 
current 
into the collector 
of an open-collector 
device. (mA) 


Output 
Voltage - The voltage present at the output 
terminal 
referred to ground. 
(V) 


Output 
Voltage 
Range - The range of output 
voltages over which the specifications 
apply. 
(V) 


Output 
Voltage 
Swing - 
The peak output 
voltage swing, referred 
to zero, that can be obtained 
wihtout 
clipping 


the output 
voltage waveform. 
(V) 


Overshoot 
- The difference 
between 
the peak amplitude 
of the output 
and the final value of the output 
divided by 
the output 
times 100%. (%) 


Peak Output 
Current 
- The maximum 
current 
delivered 
by the device for a period too short for thermal 
protection 


to be activated. 
(A) 


Phase Margin - 
The difference 
between 
180 


0 and the phase shift at the frequency 
where the open loop gain equals 


unity. 


Positive-going 
Threshold 
Voltage 
- 
The input voltage of a variable threshold 
device that is interpreted 
as a V IH as 


the input transition 
rises from below VT -(MIN). 


Pulse Width - The time between 
the leading and trailing edges of a pulse. 


Power 
Bandwidth 
The maximum 
frequency 
at which the maximum 
output 
can be maintained 
without 
signifi- 
cant distortion. 


Power Consumption 
- The dc power required 
to operate 
the device under no load conditions. 


Power Dissipation 
(Max) - 
The maximum 
power that can be dissipated 
in the device with a given heat sink beyond 
which the device may not perform 
to specification. 
(mW) 


Power Supply 
Current 
- 
The current 
required 
from the power supply 
to operate 
the amplifier 
with no load and 


no signal applied. 
(mA) 


Power 
Supply 
Rejection 
Ratio 
- 
The ratio of the change 
in input offset 
voltage to the change 
in power supply 


voltage producing 
it. (MVIV) 


Power 
Supply 
Sensitivity 
- 
The ratio 
of the change 
of a specified 
parameter 
to the 
change 
in supply 
voltage. 


Propagation 
Delay - 
The time interval 
between 
application 
of an input voltage step and its arrival at the output. 


Ouiescent 
Current 
- That part of a regulator 
input current 
that is not delivered 
to the load. (mA) 


Ouiescent 
Output 
Current 
- The output 
current 
with no signal appl ied to the input. 


Reference 
(Control) 
Current 
- The current 
drawn or supplied 
by the reference 
(control) 
terminal. 
(MA) 


Reference 
Voltage - The output 
of the reference 
amplifier 
measured 
with respect to the negative supply. 
(V) 


Response 
Control 
Input 
Current 
- 
The current 
flowing out of the response 
control 
pin that is available to charge 
the response control 
capacitor. 


Response 
Time 
- 
The interval 
between 
the application 
of an input 
step function 
and the time when the output 


voltage crosses the logic threshold 
level. (ns) 


Reverse Recovery 
Time - 
The time taken for the reverse recovery current 
to fall to a specified value after removal 


of the reverse bias under specified conditions. 
(ns) 


Release Time - The time interval 
for which a signal may be indeterminant 
at one input terminal 
before an active 
transition 
occurs 
at another 
input terminal. 
(The release time falls within 
the set-up time interval and is specified 
by some manufacturers 
as a negative hold time). 


Ripple 
Rejection 
- 
The ratio 
of the peak-to-peak 
input 
ripple 
voltage 
to the peak-to-peak 
output 
ripple 
voltage. 
(dB) 


Rise 1ime 
- 
The time interval 
required 
for a signal to rise from 
10% to 90% of its final 
amplitude. 
(ns or /1s) 


Settling 
Time 
- 
The time 
from 
a step change of input 
to the time 
the corresponding 
output 
settles to within 
a 
specified 
percentage of the final 
value. (ns) 


Set-up Time 
- 
The time interval 
for which 
a signal must be applied 
and maintained 
at one input 
terminal 
before an 


active transition 
occurs at another 
input 
terminal. 


Short-Circuit 
Current 
Limit 
- 
The 
output 
current 
of a regulator 
with 
the output 
shorted 
to common 
(ground). 


(mA) 


Short-Circuit 
load 
Current 
- 
The 
maximum 
output 
current 
which 
the 
device 
will 
provide 
into 
a short-circuit. 


Slew Rate - 
The maximum 
rate of change of output 
under large signal conditions. 
(V //1s) 


Standby 
Current 
Drain 
- 
The supply 
current 
drawn 
by a regulator 
with 
no output 
load and no reference 
voltage 


load (see Quiescent 
Current). 


Storage Time - 
The propagation 
delay due to stored charge in the transistor. 
(ns) 


Strobe 
Activation 
Voltage 
- 
The voltage applied 
to the strobe terminal 
beyond 
which 
the device does not respond 


to the conditions 
at the input 
terminals. 
(V) 


Strobe 
Current 
- 
The maximum 
cutrent 
taken by the strobe terminal 
during 
activation. 
(/1A) 


Strobe 
Release Time 
- 
The 
time 
required 
for the outputs 
to rise to the logic threshold 
voltage 
after 
the strobe 


terminal 
has been activated. 


Strobed 
Output 
level 
- 
The dc output 
voltage, 
independant 
of input 
voltage, with 
the voltage on the strobe ter- 


minal 
in excess of the strobe activation 
voltage. 
(V) 


Supply 
Current 
- 
The current 
flowing 
into 
the VCC supply 
terminal 
of a circuit 
with 
the specified 
input 
condi- 


tions 
and the 
outputs 
open. When not specified, 
input 
conditions 
are chosen to guarantee 
worst 
case operation. 


Supply 
Regulation 
- 
The change in internal 
device supply 
voltage for a specified 
change in external 
power supply 
voltage. 


Supply 
Voltage 
- 
The 
range of power 
supply 
voltage 
over which 
the device 
is guaranteed 
to operate 
within 
the 
specified 
limits. 


Supply 
Voltage 
Rejection 
Ratio 
- 
See Power Supply 
Rejection 
Ratio. 


Switching 
Speed - 
See Propagation 
Delay. 


The propagation 
delay time from 
an input 
change to an output 
lOW-to-HIGH 
transition. 


The propagation 
delay time from 
an input 
change to an output 
H IGH-to-lOW 
transition. 


Temperature 
Coefficient 
- 
See Average Temperature 
Coefficient 
of specific 
parameter. 


!'1VOUT/!'1TA 
Temperature 
Stability 
- 
The 
percentage 
change 
in output 
voltage 
over 
a specified 
ambient 
temperature 
range 
(VfC) 


VTH 


fMAX 


Terminating 
Resistance - 
The resistance normally 
used to provide 
a termination 
to a transmission 
line. 


Threshold 
Voltage 
- 
The input 
voltage at which 
the output 
logic level changes state. (V) 


Toggle 
Frequency/Operating 
Frequency 
- 
The maximum 
rate at which 
clock 
pulses may be applied 
to a sequential 


circuit. 
Above this frequency 
the device may cease to function. 


Total 
Harmonic 
Distortion 
- 
The rms value of the harmonic 
content 
of a signal expressed as a percentage 
of the 


rms value of its fundamental. 


Transient 
Response - 
The closed loop step function 
response of the circuit 
under small signal conditions. 


Transition 
Time, 
HIGH 
to lOW 
Output 
- 
See Fall Time. 


Transition 
Time, 
lOW 
to HIGH 
Output 
- 
See Rise Time. 


Turn-on 
Time 
- 
See Propagation 
Delay Time, 
HIGH 
to lOW 
Output. 
(ns) 


Unity 
Gain Bandwidth 
- 
The frequency 
at which 
the open loop gain is reduced to unity. 
(MHz) 


Upper 
Threshold 
Voltage 
- 
The input 
voltage that causes the output 
to change logic stage, when the input 
voltage 


is increasing 
in a device with 
hysteresis. 


Voltage 
Gain 
- 
The 
ratio 
of the output 
voltage 
to the input 
voltage 
under 
small signal conditions. 
For compar- 


ators, 
it is the ratio 
of the change in output 
voltage to the change in voltage between 
the input 
terminals, 
with 
the 
dc output 
in the vicinity 
of the logic threshold. 
(dB or V /mV) 


tPHl 


ft 


VTH+ 


